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ABSTRACT

This report describes an optimization phase of the opera-

tional machine translation system designed by LATSEC, INC., and

designated SYSTRAN. The most distinctive characteristic of

SYSTRAN is the absence of pre-editing. Whenever SYSTRAN's

operation is initiated on the computer, it reads in

tapes containing raw and unedited Russian texts, carries out

dictionary and table lookups, performs all syntactic analysis

procedures, and prints out translated texts without human di-

rection. Optimization during this phase was primarily focussed,

as directed in the Work Statement, on update and correction.

The former task included further development of homograph rou-

tines, improved handling of adnominal genitives, numbers, proper

names, abbreviations, sequences of tenses, and adverbs and so-

phistication of article insertion, in addition to the larger

task of implementing the Segment Analyzer Program. The latter

task, dictionary optimization, was directed at correcting human

errors, using special dictionary print programs to pinpoint

errors in existing entries, and at updating the dictionary,

using diagnostic messages provided by the computer during update

to prohibit introduction of new errors. These messages indicate

specific reasons for rejecting invalid transactions. Optimi-

zation in the area of semantics was limited, since the major

emphasis of the Work Statement were dictionary and parsing

improvement. The optimization effected improves the handling

of polysemantic lexical items by examining their context. This

iii



report, however, reflects SYSTRAN's readiness to incorporate
greater semantic advances and describes directions which seman-
tic optimization must necessarily take in the future.
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TECHNICAL EVALUATION

Final Technical Report, "Optimization of SYSTRAN System" on Contract
F30602-71-C-0091, LATSEC, Inc.

The optimization effort described in subject report consisted
of the following tasks in order of descending emphasis: (1) veri-
fication and modification for inclusion in the SYSTRAN dictionary
system of (a) an additional 50,000 compound S&T dictionary entries
directly absorbed from the Mark 17 Russian Master Dictionary, and
(b) an additional 70,000 S&T stem entries; (2) output translation
improvements based upon ,,alysis of homographs, adverbs, adnominal
genitives, numerals, proper names, sequences of tenses, abbreviations
and article insertion; (3) further sentence-wide improvements on the
syoitactic level (parsing) and semantic level (contextual solutions);
(4) implementation of means for improving efficiency of SYSTRAN
processing on IBM 360/65 equipment.

The above tasks have been carried out concurrently with main-
tenance of a fully operational Russian-English MT capability
throughout the reporting period.

Dealt with effectively under "ask (1) is a critical and demand-
ing requirement of MT -- compilation of a large MT lexical and
grammatical data base for extensive text coverage. The following
are represented in SYSTRAN dictionaries: physics, electronics,
computer hardware and data processing, aviation and space, mechanical
engineering, biology and medicine, metallurgy, military sciences,
chemistry, earth sciences and mathematics. The total data base
includes approximately 144,000 stem entries, 160,000 compound entries
and 3,300 idiomatic and phrasal constructions. Subject report
explicates the use of a SYSTRAN dictionary update subsystem, but
not reflected are the often overlooked consistent efforts by those
linguists who have proofread each of the added 130,000 entries,
providing equivalents and syntactic coding as required for MT
operations. Task (2) is addressed to solutions of severe target-
language problems caused by the above listed elements of the source
language. Detailed classifications, especially for treatment of
homographs, together with large sample lists of class and subclass
members (including illustrative computer translation), reflect
essential linguistic components for an operational MT system.
Task (3) deals with automatic sentence-structuring of larger com-
ponents, as clauses and phrases, required both for definition of
logical relationships and word order rearrangement; a Segment
Analyzer Program has been implemented for these purposes. Contextual
resolution of polysemantic words has proceeded on a modest scale for
priority reasons. Generally, resolution is achieved by taking the
intersection of assigned semantic properties and syntactic relation-
ships of a set of lexical items in text, where at least one item is
polysemantic in the target language (see p. 40-42). A modicum of
contextual information is utilized for treatment of pronouns during

I



translation (see p. 118, 119). For Task (4),.measures to improvet
SYSTRAN processing efficiency have been implemented in tne area of
automatic dictionary data processing (see p. 92-94). The current
SYSTRAN System output rates are reported in the range of 250-300,000
English words per hour of elapsed time.

The System operates on an IBM 360/65 with a mininium of 512K
bytes of main storage. Peripherals are: two IBM 2314 direct access

* facilities; two IBM 2401 tape drives (7-channel, 800 bpi magnetic
tape); IBM 2540 card reader for SYSIN; IBM 1403 printer for SYSOUT:
360 MVT or MFT OS. The system consists of 27 operational programs
and 19 utilities (total of 51,373 instructions), and is programmed,
in 360 Direct Assembler Language.

ANDREW S. KOZAK
Technical Evalu.tor
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SECTION I

INTRODUCTION

1. GENERAL

This report describes an optimization phase of the SYSTRAN

(System Translation) machine translation technique. During this

phase some important milestones were reached in the development
of an operational machine translation system, which may have an

impa c on current linguistic theories. Included is a description

of che basic tasks performed during this period. In addition to

its translation capability, the developed system is also capable

of gathering data for its own further improvement and of testing

grammars.

This reoort takes into consideration the fact that the

goals, methods, and feasibility of machine translation have

been controversial issues during the past ten years. SYSTRAN

is presented as a typical example of an open-ended system

which develops a computer intermediate language before carry-

ing out any translation. SYSTRAN's parsing tec'hnique is com-

pared with that of humans. In addition, the approaches taken

at semantic and contextual levels are illustrated.

Before the report enters into any of the above mentioned

considerations, illustrations accompanied by explanations are

used to present SYSTRAN in toto. It is hoped that, by this

means, a better understanding of the System arid its optimization

will be afforded. Chapters I through V are devoted to the



description of the work carried out under the contract. Each

contains translated samples showing how the tasks envisaged
within the work statement of this optimization phase have been

fulfilled.

It is significant that this refinement effort was directed

primarily at the systematic correction of errors. These errors

had been made mostly at the level of human dictionary coding.

They have been detected by analyzing large amounts of computer

output. In order to detect and rectify these errors, it was

necessary that the computer utilize its existing codes in trans-

lating texts. Only the computer itself can produce all the

logical consequences of any particular coding schema. No human

being, no matter :ow well versed in Russian grammar, can cor-

rectly assess the consequences of the coding--or lack of

coding--he specifies. It is possible, however, with training,

to achieve a very high degree of error recognition in trans-

lated output and to deduce, using one's own knowledge of the

parsing rules, what sorts of codes, by their absence or improper

assignment, resulted in the translation error.

2. A SCIEMATIC INTRODUCTION TO SYSTRAN

This section is designed to give a basic explanation of

how the SYSTIAN translation process operates. Three different

schemata are )n•'?uded, giving (1) an overview of the entire

process from input of the original Russian text to final machine-

translated output as it is received by the post editor, (2) a

closer look at the actual machine translation process within the

2



IBM 360/65, and (3) an examination of the special dictionaries

formulated and used by SYSTRAN.

a. AN OVERVIEW. Any text ýelected for translation is

typed on an MT/ST equipped with both Cyrillic and Roman charact-

ers, as well as numerals. (The SYSTRAN System can also receive

-I ijput directly from punched cards. This particular input pro-

cedure is not illustrated here.) The MT/ST operator, while

t familiar with the Cyrillic alphabet, need have no ktowledge of

the Russian language per se. No editing whatsoever is required,

so the operator simply types whatever appears in the text to be

translated, indicating at appropriate points how much space

should be left for the later inclusion of graphic material

(e.g., diagrams and charts) which cannot be typed.'This material

can then be inserted in the translated output.

Each MT/ST cartridge can cbntain up to)24,000 letters, or

* approximately 3,000 Russian words. As the text is typed on the

MT/ST equipment, an MT/ST cartridge automatically receives a

particular bit configuation for each letter typed. It is this

information that is converted from the cartridges to 360 tapes.

The conversion consists of the automatic-transformation of thej bit configuation on the cartridges into 360 bit configurations.

A 360 tape can hold the contents of approximately 600 MT/ST

cartridges, but any number of cartridges (or even half of a

cartridge) can be immediately converted and trans.,±-ed.

The converted 360 tapes serve as direct input to tUn. trans-

lation system. The LOADTXT program reads the text into the
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computer while the 360 processes the' text, the main frame taking

full advantage of the 2314 disk file system attached to it. The

disk file arrangement is specially suited to the translation

process. It is used by the high speed core primarily for dic-

tionary and compound expression lookups. The information con-

tamned in these dictionaries, glossaries, etc., is constantly

utilized throughout the translation process.

The disks also contain the entire translation system prior

to its activation. Each section (program, routine, etc.) is

called by the control program, INITCALL, and loaded into the

high speed core as it is needed. This Whole process of

sOquential control is performed entirely automatically without

human Interference. In other words, as soon as the text is

loaded in and INITCALL is activated, :SYSTRAN carries out any and

all'tasks necessary for dictionary lookups, structural passes,

etc., until a complete syntactic analysis has been achieved and

A the total input has been transl'ated.

The translated product, still on 360 tape, is then written

into a magnetic tape in a 1401 compatible format and subsequent-

ly printed out by an IBM 1403. The printed output contains

upper and lower case letters and suitable punctuation and spac-

ing. The post editor therefore receives a translation on which

he can perform tasks similar to 'those of any editor working, on

the products of a human translator.

4'
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b. SYSY'RAN SUPPORTING SYSTEMS. The most important part

of machine translation, in that it is the most basic part, is

comprised of its dictionaries. SYSTRAN's are stored in the

2314 disk file. The disk dictionaries necessary to SYSTRAN

translation processing are created by utilizing a series of

supporting systems. Thesesystems can be described as follows:

(1) Stem Dictionary Update system maintains the

master tape of stem dictionary entries.

(2) Idiom/Limited Semantic (L. S.) Dictionary Update

system maintains the master tape of Idiom and

L. S. dictionary entries.

(3) Creation of L. S. Compound Dictionary system

creates the L. S. compound dictionary on disk

and updates the stem master dictionary with

this information.

The operational procedure of these systems is schematized

in Chart II, parts 1 through 3, and is explained in the follow-

ing paragraphs.

Stem Dictionary Update. (See Chart II, part i.) Updating

transactions for the dictionary are keypunched and read first

by an editing program (DEDIT). All codes entered on the card

are edited for correctness and formated for computer processing.

The edited transactions are then sorted to the master dictionary

sequence (stem and stem number) and are ready to update the

master dictionary. The update takes place in two operations.

In the first pass of the master tape, all stem entries except

6



additional forms of infinitive verbs are updated by the ma3ter

update program (DUPDT). The infinitive verb carries a table of

the additional forms, and when the infinitive is updated, all

dictionary codes for the infinitive are written out for each

additional form. These records are then sorted in master dic-

_ tionary sequence and the intermediate master dictionary created

by DUPDT is updated with these entries by the additional verb

stem update program (AVSPASS). A li.ting of the new master stem

dictionary is prepared by a dictionary print program (DPRINT).

Idiom/L. S. Compound Dictionary. (See Chart II, part 2.)

The initial load of the master dictionaries on disk do not con-

tain L. S. compound information but are used in creating the

compound disk dictionary. The first two programs (LOADTXT and

MDL) of the SYSTRAN translation system are used to retrieve

dictionary information from the disk for association with the

individual words of each L. S. expression. These dictionary

codes are analyzed by a program (CLS3) to create an individual

L. S. compound record. (All L. S. programs are identified

by the letters CLS plus a number.) The principal word of the

expression is assigned by this program and a supplementary word

updating record is written to a separate file. The individual

compound records are sorted to principal word sequence and read

by the next L. S. compound creation pxogram (CLS4). This pro-

gram creates a master compound record combining all L. S. com-

pounds which have the same principal word and topical glossary

into a single compound record. As these compound records are

7



written on disk, their address is included in an index record

and written on disk for each principal word indicating the

location of the compounds for the different topical glossaries

for this word. An updating record of this index is written in a

separate file. The supplementary and principal word index up-

dating records are read by another stem dictionary updating pro-

gram (DUPDTLS) and the address of the index record and principal

and/or supplem-ntary word indicators are attached to the stem

dictionary master. Again, as in updating the stem dictionary by

DUPDT, the L. S. information for the additional forms of the

verb are written to a file and sorted to dictionary sequence.

The sorted records are read and the final new master stem dic-

tionary is created by the AVSPASS program. A repeat of the Disk

Dictionary Load system is performed to establish the translation

disk dictionaries with L. S. compound information. All disk

dictionaries are now ready for SYSTRAN translation processing.

c. SYSTRAN TRANSLATION PROCESSING. While there are in-

herent difficulties associated with substituting a computer for

a human translator, primarily due to the computer's inabil-

ity to "understand," the computer's limitations in this respect

are overcome by SYSTRAN in utilizing the machine's great speed,

its unlimited capacity for storing source material, and its

ability to perform repetitous and tedious tasks without error.

The logic of the SYSTRAN translation process can be divided into

three primary phases: table lookup, syntactic analysis in the

8



source language and synthesis into the target language. (See

Chart III.)

The tables carry information necessary for the accurate

translation of any source text. Many of them are accessed

through the use of addresses to variable lengths areas which.

carry the expanded information on disks. The codes and address-

es are affixed to the source text and carried from this phase

into syntactic analysis and synthesis.

LOADTXT executes the instructions for input and work

during this phase. As each word enters the high speed core, it

is matched against a table of high frequency words which also

contains the first word of all idioms. (See Chart HII, Hig-h

Frequency and Idiom Lookup). Locating these words and separat-

ing from low frequency words saves considerable search time,

since the HF/Idiom Table is kept in the high speed core and

therefore does not have to be brought in from auxiliary disk

storage. Moreover, the meaning and grammar codes of high

frequency words are stored separately in a table accessed by

offset or address linkage. The addresses are stored with each

word in the HF/Idiom Table and are attached to source text words

when matches are found. These text words are then stored in a

high frequency file.

Source text words which are not matched in the above pro-

cess are sent directly to a low frequency file for the main

dictionary lookup (MDL) program. MDL cdlls in the words from

the low frequency file and accumulates them on disk. The

9



portions of text words, along with portions of stem tables

(which are also on disks) are read into memory. (See Chart III,

MDL.) Stems are stcred on three different disks, according to

length (1-3 characters, 4-7 characters, 8-24 characters). Each

entry, a source language stem word, has attached to it paradig-

matic set codes (PST) indicating the endings permitted for that

stem. There is also an address at each stem pointing to the

disk location of additional grammar and meaning information and

to Limited Semantic (L. S.) information if the entry may func-

tion in an L. S. expression.

After all thie words in the low frequency file have been

processed by MDL and supplied with appropriate grammar and

meaning codes, they are sorted and put into a merged file with

the words from the high frequency file. At this point, all the

words with their codes are put back into their original sequence

in the sentence and the sentence is ready for syntactic analysis.

The programs which perform the syntactic analysis are ini-

tiated and sequentially ordered by INITCALL. INITCALL first

calls GETSENTN to initiate the analysis of the words as they

function in the particular sentence held in the analysis area.

(See Chart III, Sentence Analysis Area.) The sentences are

called individually from the merged file into the analysis area

in memory. The first 88 bits (11 bytes) of each word's 160

bytes contain constant information which will not be modified by

the structural passes.

Words which have been determined by LOADTXT as components

10



of L. S. expressions are marked as having been translated. The

principal word of the expression will carry the: target meaning
of the entire expression.

The structural passes (STRPASSO - STRPASS4) indicate thp

results of their activity in the 1192 bits remaining for each

word in the sentence analysis area. The information placed in

these bytes is not static and may be re-evaluated during any

succeeding pass.

STRPASSO detects homographs' and resolves their part of

speech ambiguities by using special subroutines to analyze the

relationships of homographs to other parts of the sentence. For

* example, it may decide that a noun/verb homograph functions in

a particular sentence as an infinitive because it is immediately

preceded by a word which has an infirnitive requirement.

STRPASSO also marks definite objects by setting appropriate bits

at the source text words.

As STRPASS1 moves from right to left (sentence-end to

sentence-beginning), each part of speech (POS) code encountered

initiates subroutines to set switches indicating that word's

position and potential function.

STRPASS2 determines the function of punctuation marks.

Commas, semi-colons, parentheses, quotation marks, dashes, etc.,

all carry POS codes, just as individual words do. 'These codes

indicate functions of punctuation marks, and yield additional

information contributing to marking structures not revealed' in

STRPASS1.



STRPASS3 locates subjects and predicates. It uses two pri-

mary tools: POS codes and a hierarchical search criteria based

on the probability of cettain parts of speech becoming subjects

or predicates more commonly than others. The predicate is de-

termined first;,then the subject search begins. Subjects and

predicates must agree in number and gender (whenever applicable).

STRPASS3 also analyzes commas with indeterminate function.

Since the location of subject and predicate often aids in the

discernment of embedded clauses, some commas may now be recog-

nized as subsentence unit (SSU) separators. In addition, some

* •commas are clearly seen to be enumerative, in the case of mul-

tiple subjects and/or predicates.

She subject-predicate search in STRPASS3 may also occasion

re-evaluation of a nouh marked by STRPASS1 as an object. If no

Sother subject candidate is found, that object will be re-

evaluated as the subject if a finite verb has been found during

the predicate search.

STRPASS4 looks at the entire sentence for words which have

not been previously recognized. STRPASS4 continues to operate

until it has marked all words as having governing or subordinate

functions. When words both govern and are governed in turn,

!that situation will also be indicated.

The third and last major part of the translation process is

the synthesis, into the target language. This is accomplished,

basically, by branching on each part of speech. For example,

the routines which translate verbs into English use tables in

12



memory. Selection of these tables depends in part on whether

the verb is active or reflexive or whether or not the auxiliary

TO BE is used in any conjugation. Each table looks for tense,

aspect, person, number, conditionality, negation, etc., to de-

termine which English auxiliary or pronoun should be used with

any particular verb.I There are also special routines for inserting English

articles (Russian has no articles) and for ensuring rihe proper

translation of prepositions. The rearrangement program takes

into consideration the unique word order requirements of the

target language. It contains rules governing word order in

English which, with the grammar codes, enable the program to

establish correct sequt. •es of words and to direct that this

specified word order be printed in the translated output.

13
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SECTION II

OPTIMI ZATION

"1. INTRODUCTION

Optimization of SYSTRAN dictionaries during this phase was

primarily directed at the correction of errors introduced at the

human 'level during coding. The key aspect of dictionary opti-

mization has been SYSTRAN'S ability to check possible errors and
I.

print diagnostic messages regarding the types of errors it en-

counters.

Improvements in SYSTRAN's parsing abilities were dependent

to a large extent on correction 'of dictionary codes, since these

codes refer not only to meaning information, but also to impor-

tant grammatical information, such as parts of speech and govern-

ment requirements of entries. In addition, the SEGMENT ANALYZER

Program was instituted to analyze clauses and phrases by syn-

tactic levels.

The Work Statement de-emphasized semantics in favor of lexi-

cal and syntactic improve..:nts. Therefore, the work effort in

this area was directed primarily at handling polysemantic lexical

items. Nonetheless, it is felt that a great deal of furthesr in-

vestigation into the area of semantics is called for at this

time.; SYSTRAN is now ready to implement more sophisticated se-

mantic criteria in its recognition grammar. A survey of the

types of improvements envisaged in this area is presented in

section eight of this report (,"The Future of Machine Transla-

tion").
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2. DICTIONARY OPTIMIZATION

SYSTRAN dictionaries have been considerably improved.

Grammar codes and synthesis codes were systematically checked

and whenever necessary updated or corrected. Meanings for about

70,000 stem entries and 50,000 compound entries were checked.

During the systematic checking and correction, full advantage

was taken of built-in SYSTRAN dictionary update features. The

SYSTRAN dictionary update program, which accepts corrections

or new entries, checks on possible errors on two levels and

prints a diagnostic message whenever it may be assumed that an,,

coding oz keypunch error has occurred.

The first level of checking is performed directly on the

keypunched transactions by an edit program (DEDIT and IEDIT)

which immediately eliminates from the update process those re-

7 cords containing detected errors. The second level of checking

(DUPDT) occurs during the actual update of the dictionary master

tape and ensures the proper modification of the master file.

Prior to replacing the dictionaries on disk that are used during

translation, these diagnostic messages are analyzed, corres-

ponding correction transactions are prepared, and the dictionary

master tape is again updated. This update subsystem of SYSTRAN

is a powerful feature which assures that the working diction-

aries of this operational system can only be impro'red at each

update, without running the risk of introducing new errors.

In the following, a list of messages will be given which

the SYSTRAN dictionary updating subsystem may use any time an
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unacceptable update is presented to it. These messages contain

many abbreviations which refer to the SYSTRAN coding manual

and coding techniques. It would be outside the scope of this

report to elaborate on all these messages and their significance

as far as update is concerned. The intent here is to give a

general illustration of the means by which an update subsystem

can prevent the incorporation of inaccurate data in the SYSTRAN

dictionaries.

SYSTRAN DIAGNOSTIC MESSAGES

A. DEDIT (used in stem dictionary update)

MSG REASON

BAD TRAN CODE TRC(col. 28) not A,D,R, or M.
BAD CARD CODE CARD NUM (col. 27) Not 0 thru 9 or

A thru F.
BAD POS-BPQ POS-BPQ not in valid program table.
HF MARKED FOR/NOT FF DSN (col. 25) not 0.
HF STEM L. GT 14 Stem (col. 1-24) cannot be longer

"than 14 char. for HF word.
BAD PST CODE PST (col. 42-44) may not be blank for

TRC = A or R.
PST, if present for noun/adj., must

be 001 thru 255.
NANP CODE ERROR Must be blank, - or 1-3.
ANIM CODE ERROR Must be blank, - or 1-5.
NO PREVIOUS IR TRAN For TRC = 2R, there must be a pre-

vious 1R card.
PNAD CODE ERROR Must be blank, - or 1-2.
BAD TG CODE Must be 0-9 or A-D.
NO ENGLISH MEAN. Meaning must be present for TRC=A/R.
SEQ CANNOT BE BLANK Seq. must be present for TRC=M/R.
ILLEGAL SEQ Seq. - 1st pos. must be 0-9, 2nd pos.

must be blank or 0-9.
BAD DPQ DPQ is not 0, 1, 2, or 3.
BAD SYN CODE If DPQ=0, SYN must be blank or 000.

=1/2, 1st pos. must be blank or
0-9. 2-3 pos. must be in valid
table. =3, must be in valid
table.
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MSG REASON

BAD ART CODE Must be blank, - or 0-7.
BAD V/ADCODE If DPQ = 0/1, muzt be blank, - or 0.

=2, must be blank, - or 0-5.
=3, must be blank, - or 0-9.

BAD VB CODE If DPQ 3 3, must be blank, - or 0.
=3, must be blank, - or 0-3.

NO FOL REF MN-EOF Meaning card specifies REF, but is
last card in input.

NO FOL REF MN-ERR Meaning card specifies REF, but next
card is no- for same stem and/orI
TG.

FOL CD - PROCESSED The card following preceding error
card is printed for reference -
it is not rejected unless noted
in following error message.

NOT PROC - PREV ERR Meaning card specifies REF, but fol-
lowing ref. meaning card was re-
jected, so this card is also re-
jected.

TRAN CODE ERROR TRC must be A or R for card A-F or D
for cards B-F.

NO PST COL 42-44 PST col. 42-44 may not be blank for
card A.

NO AV STEM Cards B-F have blank AV Stem.
PREP CODE ERROR Prep. code must be blank, 99, - or

00-68.
SYN/VAD GT NUM WDS ist pos. SYN for noun/adj or VAD for

verb is greater than num. words
in meaning.

INVALID STEM NUM DSN must be 1st Pos 0-3, 2nd Pos 0-8.
BAD DSN FOR POS Dictionary Stem Number and POS do not

correspond.
POS 8X, BAD DSN POS 8X is inappropriate with this DSN.
NO GENDER Gender must be supplied for this

to be translated.
ILLEGAL HOM CODE Homograph code must be numerical, not

alphabetic.
NO FF PST PST codes must be supplied for full

forms.
INVALID VBLS CODE No S, P, or 0.
NO CONT. LONG STEM Stem longer than 24 characters with

no following card.
BAD LONG STEM DSN3X The verb is not allowed because it

has more than 24 characters.
TRC = M WITH REF IND Any change in nonreflexive verb af-

fects ref.exive form.

Additional messages may be specified by the coder if the mes-

sage isn't already available on the coding sheet. The following
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samples of messages SYSTRAN has used are self-explanatory:

NO ADD, DEL, REP

BAD SYMBOL

UNDEF SYMBOL

NO MULT FMTrBAD MEAN SYMBOL

NO SECOND CARD

B. IEDIT (used in Idiom/L.S. dictionary update)

MSG REASON

NO R CARD No Russian card for this English card.
ERR CD CODE Card code not A thru D.
REJ-ENG CARD ERROR Russian card rejected because of pre-

vious English card error.
NO E CD FOLLOWING No English card for this Russian card.
UNMATCH SEQ English card does not match on card

seq. num. with Russian card.
BLANK RUS. EXP. Russian expression riot entered.
ist WORD GT 14 Length of 1st word in Russian idiom

longer than 14 char.
RUS. EXP. TOO LONG After separating commas with spaces,

the Russian expression is greater
than 55 char.

OVER 8 WORDS IN EXP Russian L.S. expression contains more
than 8 words.

BAD PO CODE L.S. PO must be blank or 0-7.
BAD PDA CODE L.S. PDA must be blank or 0-2.

C. DUPDT (used in Stem dictionary update)

REJ- REASON

MSTR EXISTS TRC=A for existing stem entry.
MSTR IS AVS Transaction for add verb. stem. - may

only be updated by "Verb Endings
Coding Sheet."

NO MASTER STEM Stem does not exist for this trans-
action.

NO OA TRAN There was no previous transaction card
OA to establish stem entry.

CHG TO NEW REC Change to a stem just being entered.
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REJ- REASON

DUP TRANS Multiple transaction card for updating
same section of stem

UNMATCH SEQ Meaning seq. does not exist for this
change.

MATCH ON SEQ Meaning seq. exists for this add.
REFL MEANING Cannot delete reflexive meaning. Re-

flexive meaning is deleted auto-
matically when deleting non-
reflexive meaning.

AV STEM NF Deletion for non-existent add. verb
stem reference.

4 AV STEM EXISTS Add. verb stem reference already
R-VS NRR exists for add transaction.
REFL VS NONR TRC interferes w•t- refle.cive-non-

reflexive relationship.
AVS STEM Don't delete stem if next card is an

AVS card for that stem.
NO TARGET MEANING Meaning must be present for TRC=A/R/M.

LIST OF ABBREVIATIONS USED IN MESSAGES

TRC = Transaction Code
DSN = Dictionary Stem Number
A = Add
R(Rep) = Replace
M = Modify
DPQ = Primary Part of Speech in Target Language
PST = Paradigmatic Set Table Codes
SYN = Synthesis
VAD = Verb-Adverb
AV = Additional Verb
REF = Reflexive
EOF = End of File
MN = Meaning
GT = Greater Than
NANP = Noun-Adjective/Noun-Participle
FF = Full FormPNAD = Participle Modifying Neither Verb Nor Adjective

PO = Prepositional Object
PDA = Prepositional Object Definite Article
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In addition to updating the dictionary, a good deal of

correction of existing entries was necessary to ensure that all

entries carried all the proper grammar codes. The size of the

dictionary made it requisite to discover automatic means to pin-

point sections of the dictionary requiring intensive review, to

7 appropriately code deficient entries, and then to update the

dictionary with the corrected codes. For this purpose, Special

Dictionary Print Programs were designed and implemented to be

used when certain entries were discovered which lacked neces-

sary codes, when new codes or coding methods are devised to be

incorporated in certain categories of entries, or when consis-

tent erroneous coding has been discovered and can be isolated

for editing by a few preliminary tests (i.e., RMD nouns ending

in AM, AMI, AX).

The following special dictionary prints were programmed,

run, and coded in these categories:

ENTRIES LACKING VITAL CODES

DPRT PURPOSE

01 SYSTPAN verbs with a zero PST.

23 Print record with no target
meaning.

52, 56 SYSTRAN DSN lX, PST 000.

57 SYSTRAN verbs with PST EOOOOOOOOO
incorporated from Library of
Congress records.

63 SYSTRAN verbs with syntax area
either blank or all zeros.

70 Gender and number equal to FF.
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NEW CODES OR CODING METHODS

DPRT PURPOSE

04 Stems with Homograph indicators.

09 POS 14 (Proper nouns, Common
names).

14 All Russian hyphenated stems.

17 All POS 18.

18 All BPQ 53.

27-45 Noun PST's converted to Full-
form; PST 198 for possible con-
version to the PST 204.,

47 PST 198.

51, 67 Slashed English meanings to
ensure that both a slashed and
a non-slashed entry exist.

53 All PST's converted to full
forms.

54 POS 24.

63 BPQ 30, to assiqn BPQ 3D, 3E, or
3F on the basis of its tendency
to be used as a predicate.

ERRONEOUS CODING DISCOVERED

DPRT PURPOSE

13 RMD nouns ending in-AM, AMI, AX.

15 Stems ending in NElW.

62 Full forms with FF in the PST.

71 Nouns with genitive requirement.

25



-3.! PARSING OPTIMIZATION

By utilizingI160 bytes: for each word in any sentence under

analysis, SYSTRAN allows access to all grammatical and semantic

information pertinent to that word in any possible context.

The information contained in the 160 bytes attached to each

Sword of the sentence (as briefly discussed later in this chapter)

expresses the syntactic interconnections of the sentence in a

manner understandable to the computer.; The algorithms of the

various programs which supply the codes held in these bytes are

guided by the principles of the SYSTRAN grammar. This grammar

grew out of the necessity of applying the computer to natural

'languages.

As Dykema points Put, grammar began as a philosophical

inquiry into the nature of language.1 'The most methodological

and global inquiry into any system can be carried out by the

computer if' a suitable software system exists. SYSTRAN has all

the prerequisites of such a system. Its system is modular, has

several subsystems composed of major programs subdivided by

minor programs, and further subdivided by major and minor rou-

tines. These programs and routines may, whenever necessary, call

generalized or specialized subroutines, which in turn use nested

routines for special inquiries and special coding tasks.

The SYSTRAN grammar breaks away from many traditional gram-

ne.Iical concepts. For example, the parts of speech are devel-

oc0ed accoding to the requirements of the system. Hence there

D(arl U, Tykema, "Where Our Grammar Came From," Readings in
A,Žj41ied English Linguistics, H.B. Allen, ed. N.Y., 1958,p.5.
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are many more parts of speech within SYSTRAN than the eight or

fifteen of human grammars. These parts of speech are estab-

lished on two criteria: the primary parts of speech are based

on congruence of primary function; the secondary parts of

speech, on differtiae within the primary groupings.

a. SEGMENT ANALYZER PROGRAM. The Segment Analyzer Pro-

gram was defined and incorporated in SYSTRAN's parsing apparatus

to improve syntactic analysis. The program scans the sentence

for specified subordinate clause initiators, coded as such in

the stem or idiom dictionary. All words within a clause are

marked according to the type of clause initiator. Parenthetic

words are also marked. Any words in the sentence which are not

marked in this way as belonging either to subordinate clauses

or to parenthetic expressions or within parentheses are given

main clause indications. Phrases (participial, gerundial, pre-

positional) are marked. before the SEGMENT ANALYZER is activated.

They are regarded as parts of the clauses to which their first

word is attached.

At each word of the sentence, two bytes are used by the

SEGMENT ANALYkER. One contains dictionary information, indi-

cating, for example, that the particular word may initiate a

specific type of subordinate clause, or that it may begin a

second main clause, or Lhat .t belongs to a parenthetic expres-

sion or to an idiom. The other byte indicates the level to

which the word belongs. An Fl in this byte indicates that the

word is part of the first main clause; an F2, that it is part

of the second main clause, etc.
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The following pages contain lists of (1) subordinate

clause initiators, (2) parenthetic words, and (3) words which

almost always begin new (second or third) main clauses (i.e.,

coordinate clauses).

The SEGMENT ANALYZER was designed and implemented to es-

tablish a "level" mode of analyzing subsentences, so that lower

level (embedded) clauses might be more accurately recognized

and handled. It replaced the use of "sentence cuts" in estab-

lishing subsentence units. Trained linguists checkcd SYSTRAN's

level output and concluded that level codes do work much more

efficiently and accurately than cuts; subsequently, further

improvements were made in recognizing levels: rules were estab-

lished for recognizing colons as main clause initiators; commas

A were recognized as clause initiators as they simultaneously in-

dicated phrase ends.

SUBORDINATE CLAUSE INITIATORS

Code Tu

01 Qualifying Clauses
KAKOl, WHAT
KOTORYI, WHICH
CEI, WHOSE

02 Qbjective Clauses
KTO (in all cases), THAT
CTO (in all cases), THAT

03 Subject Clauses
KTO, WHO
CTO, WHAT

04 Predicate Clauses
KAKOV or KAKOI, WHAT
KAKOV or TAKOV, LIKE
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Code

.M2e

05 Clauses of Time
KOGDA, WHEN
POSLE TOGO, KAK, AFTER
PREJDE CEM KAK, BEFORE
S TEX POR KAK, SINCE
V TO VREM4 KAK, WHILE
MEJDU TEM KAK, WHILE
POKA, WHILE
POKA NE, UNTIL

06 Clauses of Place
GDE, WHERE
RUDA, WHERE
OTKUDA, FROM WHERE

07 Clauses .f Comparison and
Result

KAK, AS
KAK BUDTO, AS IF
TAK, CTO, SO .... THAT
TAR CTO, SO THAT

08 Clauses of Cause
POTOMU, CTO, BECAUSE
OTTOGO, CTO, BECAUSE
TAR KAK, BECAUSE, SINCE

09 Clauses of Purpose
CTOBY, IN ORDER TO

10 Conditional Clauses
ESLI, IF
ESLI BY, IF

11 Concessive Clauses
XOT4, THOUGH
NESMOTR4 NA TO, CTO, IN
SPITE OF THE FACT

Fl First Main Clause

F2 Second Main Clause

F3 Third Main Clause

50 Parenthesis
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CODE 99: PARENTHETIC WORDS

BESSPORNO UNQUESTIONABLY
BEZ SOMNENI4 UNDOUBTEDLY
BEZUSLOVNO, UNDOUBTEDLY
DEISTVITEL6NO, REALLY
DOLJNO BYT6, PROBABLY
DOPUSTIM, LET US ASSUME
ITAK, THUS
K NAWEMU UDOVOL6STVIH, TO OUR DELIGHT
K NESCAST6H, UNFORTUNATELY
K RADOSTI, FORTUNATELY
K SCAST6H, FORTUNATELY
K SOJALENIH, UNFORTUNATELY
K UDIVLENIH, SURPRISINGLY
K IX UDOVOL6STVIH, TO THEIR DELIGHT
KAJETS4, IT SEEMS
KAK VIDNO, AS IT APPEARS
KAZALOS6, IT SEEMED
_KONECNO, OF COURSE/CERTAINLY
MOJET BYT6, PERHAPS/MAYBE
NAKONEQ, FINALLY/AT LAST
NAOBOROT, ON TRE CONTRARY
NAPRIMER, FOR INSTANCE
NAVERNO, PROBABLY
NAVERNOE, PROBABLY
NESOMNENNO, UNDOUBTEDLY
OCEVIDNO, APPARENTLY
ODNAKO, HOWEVER, BUT
ODNIM SLOVOM, IN A WORD
PO MNENIH IN THE OPINION
PO SLOVAM ACCORDING TO
PO SLUXAM, IT IS SAID
PO SU5ESTVU IN ESSENCE
PO SVEDENI4M, ACCORDING TO THE INFORMA-

TION
PO VSE1 VERO4TNOSTI IN ALL PROBABILITY
POJALUI, PROBABLY, PERHAPS
PO-MOEMU, IN MY OPINION
PO-MOEMU MNENIH, IN MY OPINION
PO-VAWEMU IN YOUR OPINION
PO-VIDIMOMU IT SEEMS/IT APPEARS
PREDPOLOJIM, LET US SUPPOSE
PREJDE VSEGO, FIRST OF ALL
RAZUMEETS4, IT GOES WITHOUT SAYING
SLEDOVATEL6NO, THEREFORE/CONSEQUENTLY
SLOVOM, IN A WORD
STALO BYT6, THAT MEANS
TAK SKAZAT6, IN OTHER WORDS
V CASTNOSTI, SPECIFICALLY
V KONQE KONQOV, AFTER ALL
V OSOBENNOSTI, IN PARTICULAR
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V SAMOM DELE, IN FACT
VERNO, PROBABLY
VERO4TNO, PROBABLY
VIDIMO, APPARENTLY/EVIDENTLY
VIDNO, APPARENTLY/EVIDENTLY
VO-PERVYX, IN THE'FIRST PLACE
VO-VTORYX, IN THE SECOND PLACE
VPROCEM, HOWEVER
ZNACIT, THAT MEANS

The above-listed parenthetic words are also available in'

SYSTRAN's idiom dictionary imbedded within commas.

CODE 98: COORDINATE CLAUSE INITIATORS,

I

DA

NI

A

NO

ODNAKO

TO

ILI

LIBO

P03TOMU

ZATEM

b. REARRANGEMENT. During this optimization ,phase, several

rearrangement procedures were tested, especially those concerning

complex sentences. It was found that rearrangement of the sub-

ject and predicate in both the main clause and the subordinate
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clause resulted in awkward and confusing English sentences, since

the predicates of both cl;,,ises were juxtaposed at the end of

the, sentence. It was also discovered that, if in the Russian

sentence the predicate precedes the subject, then rearrangement

should be effected only if i'n the translation the subject and

predicate are not separated by twelve or more words.,

SSpecial subroutines have been incorporated into the main

program to improve SYSTRAN's rearrangement technique. These sub-

Sroutines carry out range searches of the items to be rearranged.

The predicate range search encompasses all objects (direct and

indirect) of the verb and all of its adverbial modifiers. These

items are marked so tlat they may b~e moved with the verb. A

double indexing'technique makes it possible to rearrange items

within the specified range, as well as to move all the items

specified by the range as a unit. (Adverbs which should notbe

rearranged catry codes to that effect.)

Similarly, the noun range routine checks for all modifiers

ofl the subject(s). Further routines were introduced to deter-

mine the proper governors of prepositional phrases occurring

between constituents marked for rearrangement. Additional

routines were required for names, English letters, mathematical

formulae, etc., to determine their proper point of attachment

before rearrangement was effected.

c. A COMPARISON OF HUMAN AND SYSTRAN PARSING. The fol-

lowing:sentence has been'chosen to illustrate SYSTRAN's present

parsing capabilities by comparing two grammatical analyses of
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it: one done by Soviet linguists in Russia; the other, by

SYSTRAN.

The sentence, from Sevbo, I. P., "0 gromozdkosti sintak-
V .V

si~eskix structur," Naucno-Texniceskaja Informacija: Automati-

zacija perevoda tekstov, s.r. 2, No. 2, Moscow (1971), p. 42,

is the following:

PO 3TOMU POVODU UMESTNO VSPOMNIT6, CTO KOGDA UDAETS4
ISKLHCIT6 IZ POSTROENI4 KAKOGO-LIBO FRAGMENTA TEORII,
NAPRIMER, AKSIOMU VYBORA (SM. NIJE) NE BOLEE DOROGOl
QENOl, CEM TA, KOTOROI MY RASPLACIVAEMS4 ZA NEPRI4TIE
KONTINUUM-GIPOTEZY V UPOM4NUTYX OBLAST4X MATEMATIKI,. TO
GOVOR4T, CTO 3TOT FRAGMENT TEORII, PO SU5ESTVU, NE ZAVISIT
OT AKSIOMY VYBORA.

This Russian sentence was analyzed by SYSTRAN's parsing

program and codes were attached accordingly. It is not the

aim of this report to enumerate and elaborate upon all the

codes developed and used within SYSTRAN. Rather, the aim is to

show the results of human and mechanical parsings of the same

sentence. Figure 1 shows the human analysis; Figure 2, the

SYSTRAN analysis. This type of diagram is used here only be-

cause it is the type used in the Soviet article. Unfortunately,

the graph does not allow many SYSTRAN analysis codes to be shown.

For example, while SYSTRAN points from a governor to a grverned

word, and back to the governor from the governed word, that

cannot be shown here.

The numbers and letters along the right-hand side of Fig-

ure 2 indicate SYSTRAN clause levels: Fl identifies the first

main clause (F2 would indicate a second main clause); 02 iden-

tifies a CTO clause; 50, words with parenthesis; Cl, a
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KOTORO1 clause; etc. (See list in I.2.a.)

The major difference in the illustrations is the attachment

of the first CTO to the rest of the sentence. The human analysis

attaches it directly to GOVOR4T, which is linked to TO which,

in turn, is linked to KOGDA. TO is attached to nothing except

KOGDA and GOVOR4T. This reflects the major difference between

the human translator and the computer: the human can intui-

tively infer the author's intention, while the computer must

j rely on what the author has actually written.

In this particular instance, the author, ignoring tradi-

tional rules of Russian grammar, has omitted the comma between

CTO and KOGDA. (Normally, any new subordinate clause marker

will require a comma.) The human analyst "reads in" the comma,

thereby creating or recognizing that the KOGDA clause is embed-

ded in the CTO clause. The computer, meeting this unusual cir-

cumstance of adjacent subordinate clause initiators which are

not separated by a comma, has no indication that two subordinate

clauses are initiated virtually simultaneously. Therefore (Fig-

ure 2), it assigns a CTO clause marking to CTO, to KOGDA and to
the entire ensuing clause.

It will be seen, however, in the following, that the trans-

lated output, i.e., the actual translation done by SYSTRAN, was

not affected by this failure to identify the KOGDA clause sep-

arately from the CTO clause:

IN REGARD TO THIS IT IS APPROPRIATE TO RECALL THAT WHEN
IT IS POSSIBLE TO EXCLUDE FROM THE CONSTRUCTION OF ANY
FRAGMENT OF A THEORY, FOR EXAMPLE, THE AXIOM OF CHOICE
(SEE BELOW) NOT BY A MORE EXPENSIVE PRICE THAN THAT BY
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WHICH WE PAY FOR THE NONACCEPTANCE OF A CONTINUUM HYPO-
THESIS IN THE MENTIONED REGIONS OF MATHEMATICS, THEN IT
IS SAID THAT THIS FRAGMENT OF A THEORY, IN ESSENCE, DOES
NOT DEPEND UPON THE AXIOM OF CHOICE.

In order to further demonstrate SYSTRAN's parsing abilities,

another sentence, analyzed by L. N. Iordanskaja, 2 is illustrated,

along with SYSTRAN's analysis of the same sentence. Again, the

codes used by SYSTRAN have been "translated" into a format com-

patible with that chosen by Iordanskaja. In her diagram, she

used arrows to point from governors to words they govern. It

should be kept in mind that SYSTRAN's hexadecimal output also

shows pointers from governed words back to their governors.

Figure 3 shows Iordanskaja's analysis; Figure 4, SYSTRAN's

analysis.

In this particular instance. SYSTRAN's analysis was more

detailed than thn human cne, in that it shows the connections

between, as well as within, clauses. Thus, KOTOROE points back

to TREBOVANIE.

Moreover, the human analysis leaves the conjunction A dang-

ling. It is not shown to be attached to any other word in the

sentence. SYSTRAN, however, recognizes that both KLADOISKATELEM

and UCENYM are complements of BYT6. It recognizes this relation-

ship by recognizing a relationship between NE and A: if a comma

and A (,A) are preceded by NE and a noun or adjective, and if no

2L. N. Iordanskaja, "Automaticeskij sintaksi6eskij analiz,"
Kibernetika v monografijax, 2, izd. Nauka, Novosibirsk
(1967), p. 49-74.
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predicate is found in the A phrase, then the nouns or adjectives

following NE and A serve parallel functions. The incorporation

of this grammatical principle also allowed SYSTRAN to differen-

tiate between UCENYM as a dative plural and UCENYM as an instru-

mental singulilar. Therefore, the following translation was

achieved:

THISIS THE REQUIREMENT WiICH CONTEMPORARY SCIENCE TO AN
ARCHAEOLOGIST PRESENTS, IF HE WANTS TO BE NOT A HUNTER,
BUT AN AUTHENTIC SCIENTIST.

4. SEMANTICS

For co~aputer systems such as SYSTRAN, it is best to regard

the nieaning of any lexical item as an aspect of performance and

to class certain lexical forms as items characterized by expo-

nential features known in the outside language as primary dimen-

sion. That is, the meaning of a word varieq within certain

definable limits according to associative relations built within

sets of circ~umscribed syntagmatic variables.

The task from which imp~ovements related to semantics are

to emanate consists primarily of selecting polysemantic words

establishing existing syntagmatic relations, and devising a

working procedure which automatically narrows the wide diver-

gence of relationships regularly occurring in Russian techno-

logical textsby establishing valid generalized rules.

'I
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The available evidence shows, for instance, that the word

KOLICESTVO furctions with several meanings, two of which possess

distinctive denotations, each depending on the semantic category

characterizing the word with which KOLICESTVO is grammatically

and syntagmatically associated. In the translation, either of

two different meanings is assigned: AMOUNT or NUMBER.

AMOUNT denotes an aggregate on the sum total of two or

more quantities and KOLICESTVO carries this meaning when it forms

a grammatical unit with words that belong to the semantic cate-

gory comprised of items designated as collective or non-unit

nouns. These are SOL6, MASLO, PAR, VODA, NEFT6, TEMPERATURA,

TEPLO, BIOMASSA, KISLOROD, SAXARY, PRIMES6, POROWOK, TALLIU,

ORTOFOSFAT, PLATINA, KALII, GELII, MED6, KREMNI1, etc.

NUMBER, on the other hand, denotes the sum total of a col-

lection of units and KOLICESTVO carries this meaning when it

forms a grammatical unit with words that belong to the semantic

category comprised of items designated as countable or unit

nouns. These are IZMERENIE, PLENA, TOCKA, ZERNO, INGIBATOR,

VARIANT, OB7EKT, PREDSKAZANIE, MIKROORGANIZM, BAKTERI4, MOL-

LEKULA, FERMENT, SPORA, CLEN, MIKROB, MUTANT, QIKL, ZAMYKANIE,

SLOI, etc.

Although the above-listed nouns may share several Len'antic

categories, the two mentioned heý.e suffice in order to write a

program which clearly distinguishes between the two meanings and

selects the approp.iate one during the structural analysis of
KOLICESTVO, provided all pertinent codes are attached to both

41



2 1

j 1KOLICESTVO and the words in the list.

I As an example, two sentences are given here to illustrate

SYSTRAN's capabilities in carrying out improvements on the level

of semantics.

V TABL. 3 PRIVEDENY REZUL6TATY 3KSPERIMENTOV, V KOTORYX
IZUCALOS6 VLI4NIE SILY TOKA I KOLICESTVA JELEZNOGO POROWKA
V POKRYTII.

In this sentence KOLICESTVA is grammatically tied to

POROWKA. This activates a program which selects the meaning

AMOUNT.

DL4 KOLICESTVENNOGO OPREDELENI4 FAZ .'7IMENEN TOCECNYl
METOD, KOTORYI SVODITS4 K PODSCETU KOLICESTVA TOCEK,
PRIXOD45IXS4 NA KAJDUH FAZU IZ OB5EGO KOLICESTVA ZEREN.

In this sentence KOLICESTVA is grammatically tied to TOCEK

and ZEREN. This activates a program which selects the meaning

NUMBER.

42
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SECTION III

FURTHER IMPROVEMENTS EFFECTED DURING OPTIMIZATION

1. INTRODUCTION

In order to demonstrate SYSTRAN capabilities in translating

Russian sentences into English, live data were used to sub-

l stantiate each discussion in this section of the report. Dur-

ing output analyses, sentences were selected on the basis of

the particular areas covered by the Work Statement in order that

they could be used as practical examples illustrating the

appropriate improvements. Homograph examples are shown at the

end of this section in reductions of actual computer print-outs.

a. IMPROVING THE TR±NSLATION OF HOMOGRAPHS. Russian words

identified as homographs (lexical or morphological) are entered

into the Stem Master Dictionary as full-form ent-*es, each

* identical form carrying its appropriate grammar codes (i.e.,

both morphological and syntactic information) and the corres-

ponding meaning with its synthesis codes. The full-form entries

comprising a homograph are differentiated in the dictionary by

a sequential number, or, a Dictionary Stem Number (DSN).

DRUGOM, for instance is entered under DSNOO and DSNOI, and the

codes indicate that the '00' entry is a noun, masculine singu-

lar, instrumental, animate with the meaning FRIEND while '01' is

an adjective (actually, a noun-adjective ambiguity), masculine,

neuter, singular, locative meaning OTHER. The numbers '00,'

'01,' '02,' are assigned to the different entries of the
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homograph according to descending order of predicted use. All

entries identified as homographs carry the necessary code HM

(homograph).

During translation processing within the Main Dictionary

look-up pass, a textword that is in the dictionary as an HM

entry is matched with the entry having DSNOO. A normal output

processing record is built containing the associated grammar

and target language meaning. At this time multiple output

processing records are prepared for each of the additional

homograph entries in the dictionary.

Prior to parsing, a standard analysis area is built for

F each textword in the sentence. This area provides for a maximum

of 105 words per sentence. Following this area is a provision

for an additional 30 analysis word areas where the multiple

homograph word entries are placed. Each word entry in the

standard area that is identified as a homograph entry contains

in a byte the relative word sequence in the combined analysis

area of the first additional homograph entry for that word.

Then each additional homograph entry contains the sequence num-

ber of the next until the last which has a zero sequence num-

ber.

In Structural Pass Zero (STRPASSO) the standard analysis

area is scanned for homograph indications and routines are

activated by routine numbers carried as dictionary codes in the

stem. Each routine examines the environment of the word in the

sentence and a decision is made as to the desired part of speech
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for the function of the homograph. Using standard processing

MACROS, the homograph record for this part of speech is located

and this analysis word entry is moved to the, location in the

standard area. It may be that the desired entry is the one

already in the area, in which case no movement takes place.

Each successive word is scanned for a homograph indication

until the end of the sentence is reached. The standard analysis

area contains; at this point, the final grammar and target

language translation pointers to be used throughout the trans:-'

lation process for that sentenc e.

For the purpose of avoiding discrepancies that might result,

from the presence of homograph-type words, selected groups were

established on the basis of which homographs can be properly

f dealt with at specific points during the trans~lation processes.

These groups are given below, containing appropriate examples

and a brief description of the solution 6f the homograph ambigu-

ity.

PREPADR

Resolves .Preposition/Adverb Ambiguity

HM: MIMO SVERXU
NAPROTIV SZADI
POPEREK VBLIZI
POSLE VDOL6
POSREDI VNUTRI
POVERX VOKRUG
POZADI VOZLE
PREJDE VPEREDI
SBOKU VSLED
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PREPADR scans to the right from the homograph for three

Words, searching for a word in the genitivre. If the genitive

is not'fouhd, the preposition-homograph is replaced by the

adverb-homograph.

PROFR

Resolves Profession/Title Ambiguity

SHM: AKUSTIK/A BIOMEXANIK/A
ANALITIK/A 'BOTANIK/A
ASTROBIONIK/A GENETIK/A
ASTROFIZIK/A MATEMATIK/A
AVIAMEXANIK/A !RENTGENOTEXNIK/A
AVIATEXNIK/A SEMIOTIK/A
A3ROMEXANIK/A TERMO3NERGETIK/A
BIOFIZIK/A TEXNIK/A
BIOMATEMATIK/A

This routine selects the title-homograph when a proper

name follows the current word within three words or the current

I word is modified by ZNAMENIT or IZVESTN, or the governor or the

modifier to the left resolves the ambiguity grammatically. It

selects the profession-homograph when the current word is

governed by PO, PRO, or KASATEL6NO, or the governor or the

modifier to the left resolves the ambiguity grammatically.

DRUG

Resolves Noun/Adjective Ambiguity

HM: DRUGOM
BELOM (in acoustics)
P RAVoM
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DRUG scans four words to the left of the current word in

search for a vehicle-word requiring the locative case. If this

condition is satisfied, the adjective-HM is used. If not, the

noun-HM is selected.

NACR

Resolves Noun/Verb Ambiguity

* HM: NACALO
NACALA

This routine selects the verb-HM if the current word is

followed by an infinitive or if there is neither a finite verb

nor an auxiliary, nor a short form neuter singular in the sub-

sentence. It also selects the verb when a neuter finite verb

or an auxiliary is encountered which is enumerated with the

current word.

EST6R

Resolves EAT/Present Tense Auxiliary Ambiguity

HM: EST6

This routine searches three words to the left of the

current word for a word with an infinitive requirement. If

found, the infinitive-HM EAT is used, ctherwise the finite verb

form, present tense, singular or plural, of the auxiliary BE

is used.
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INADR

Resolves Instrumental/Adverb Ambiguity

HM: CAST6H POLNOST6H
DNEM QELIKOM
KRUGOM R4DOM
LETOM SKACKOM
NOC6H UTROM
OSEN6H VECEROM

This routine asks if the word to the left of the current

word is an adverb or 'NE'; if so, the adverb is used. If the

word after the current word is a verb or short form adjective,

the adverb is used again. If a verb follows the current word

and requires the instrumental case, the adverb homograph is

used. If the word after the current word is an adjective,

adjectival noun, pronoun adjective, or a participle and the

word before the current word is in the instrumental singular,

the noun homograph is used. If there is an instrumental gover-

nor to the left, the noun is used. If the following word is a

noun (pure noun, proper noun, or profession) forming an adnomi-

nal genitive construction, the noun homograph is used.

VPARTR

Resolves Short Form Present Passive Participle

Masculine/First Person Plural Present Indicative

HM: DOPUSTIM SOKRA5AEM
IZBIVAEM SORBIRUEM
IZGIBAEM SRAVNIIVAEM
IZLECIM STEKLUEM
MODELIRUEM STR4SAEM
OB74SNIM SUMMIRUEM

48



OTDAVAEM SVODIM
OTVODIM TERPIM

4 O5UTIM UPROCN4EM
O5U5AEM VIDIM
PERERASTAEM VMATYVAEM
PERETACIVAEM VMEN4EM
PEREVODIM VNOSIM
POLOJIM VOOBRAJAEM
POSYLAEM VOZBUDIM
POZNAVAEM VOZGON4EM
PRINIMAEM VOZGORAEM
PRIPISYVAEM VYCISL4EM
PRIVODIM VYSTAVL4EM
PRODOLJAEM VY4SNIM
PROIZVODIM ZABIRAEM
PROXODIM ZABYVAEM
RASPOLAGAEM ZADUVAEM
RASSMATRIVAEM ZAKARMLIVAEM
RAZDELIM ZAMEN4EM
RAZLAGAEM ZAMETAEM
REGULIRUEM ZAMORAJIVAEM
SGORAEM ZANIMAEM
SJIMAEM ZAVISIM
SKLON4EM ZNACIM
SMEN4EM ZRIM
SMEWIVAEM 3KSTRAGTRUEMSOEDINIM

This routine checks the word before the current word.

If a finite auxiliary, the short form participle homograph

is used. It is also used if the scan to the left locates

ON or a nominative singular case noun. The verb is used if

MY is found in the left scan. It is also used when MY is to

the right, provided no adjective or accusative noun, or parti-

ciple is to the left.

NEUTFM

Resolves Neuter/Feminine Ambiguity

HM: JELEZO
JELEZA
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NEUTFM determines if the current word is preceded by an

adjective, then it is the adjective which, on the basis of

grammatical agreement determines the correct choice. For the

resolution of the ambiguous -A ending, the neuter-HM is chosen

when a noun immediately precedes since this suggests an adnomi-

nal genitive construction. The ambiguous -U, -E endings present

a need for a further search within the sentence for governors

which resolve this ambiguity.

VESR

Resolves Verb/Noun Ambiguity

HM: VESTI

This routine selects the infinitive if the word pre-

ceding the current word has the infinitive requirement. In all

other cases, the noun is used.

SUTR

Resolves Verb/Noun Ambiguity

HM: SUT6

This routine checks simultaneously to the left and

to the right of SUT6 for a nominative plural noun. If both

are found, the verb homograph is used. In all other cases, the

noun homograph is set in the translation.

50



NPREPR

Resolves Noun/Preposition Ambiguity

HM: POD

This routine looks to the right of the current word for a

noun phrase [i.e., (adverb) + (adjective) + noun] in the instru-

mental case. If such a noun phrase is not found, the noun homo-

graph (meaning and codes) replaces the more common prepositional

entry.

UJER

Resolves Comparative/Adverb Ambiguity

HM: UJE

This routine checks on the word following the current word.

If it is a common noun, proper noun, or a noun denoting a pro-

fession and it is in the genitive case and if the word preceding

the current word is an adjective, adjectival noun, or participle

also in the genitive case, the adverb is chosen. If the preced-

ing word is not in the genitive case, the comparative is chosen.

CONJAR

Resolves Conjunction/Abbreviation Ambiguity

HM: A

This routine sets the current word to the abbreviation

homograph if the word is capitalized and does not begin the
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sentence. The abbreviation HM is also selected if a comma

follows, which is in turn followed by the letter 'B,' a

period, or closed parenthesis. if a comma follows the current

word (and there is no 'B' after it), the conjunction is chosen.

FIMNAR

Resolves Feminine Instrumental Singular/Masculine

Nominative-Accusative Singular Ambiguity

HM: PROBOl

This routine checks the word immediately to the left of the

current word. If it requires the instrumental (i.e., if it is

'S,' 'NAD,' 'POD,' or 'PERED'), the feminine noun is chosen. If

an adjective or participle is found immediately preceding the

current word, it is checked for case. If nominative, the mascu-

line noun is used, and if instrumental, the feminine noun is

used.

NCOMPR

Resolves Noun Feminine Dative-Locative/Comparative

Ambiguity

HM: GU5E

This routine scans to the right for the word 'CEM' and, if

it is found, the comparative homograph is chosen. If an adjec-

tive or participle is found immediately to the left or in a scan

to the left, and if it is locative or dative and feminine
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singular, then the feminine noun homograph is chosen. If the

last two conditions are not met, the comparative is selected.

VSEMR

Resolves Locative-Dative/Instrumental Ambiguity

HM: VSEM

This routine checks the word in front of the current word.

If it is one of the prepositions 'V,' 'NA,' 'O/OB,' or 'PRI,'

the locative/dative form of 'VSEM' is chosen. All other cases

point to the instrumental form of the word.

ABVBR

Resolves Imperative/Abbreviation Ambiguity

HM: SM.

This routine checks if the current word is the'sentence
9I

beginning. If it is, the imperative homograph is selected. If

•I a numeral directly precedes the current word, the abbreviation

is chosen. In all other cases, the imperative, form is used.

* IKOMR

Resolves Noun/Pronoun Ambiguity

HM: KOMU
KOM

If the word encountered is KOMU, and there is an accusative,

adjective or participle immediately to the left, the noun

53
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homograph is used. If the adjective or participle is in any

other case,;the pronoun is selected. If no adjective or parti-

ciple is encountered, there is a scan to the right and the lefit

for a word requiring the dative or a word requiring the accusa-

tive. If the dative requirement is found, the pronoun is used,

while the noun homograph is chosen if an accusative requirement

"is found.

J If KOM is the current word, and the word immediately to

its left requires the locative case, the pronoun is used. If

none exists•, the noun homograph is chosen.

SPOR

Resolves Masculine/Feminine Ambiguity

HM: SPOR/A

This routinb scans to the right of the current word to the

end of sub-sentence unit for 0 or OB. If found, the masculine

'SPOR' homograph is:selected. If a genitive plural follows the

current word, it is made the feminine 'SPORA.' If the word

before the current word (an adjective) ends in -1 and the cur-

rent word has a null ending, the masculine homograph is chosen.

If the adjective ends in -YM, again the masculine is chosen. If

the current word ends in -OM, the same choice is made. If the

current word ends in -01, the feminine homograph is used. More

endings are checked, and the appropriate homograph is assigned.
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b. ADVERBS. In the effort to improve SYSTRAN's tqansla-

tion of adverbs, work was carried out using live data from

which sentences containing adverbs were extracted and sorted

according to the nature'of needed improvements. Certain ad-

verbs were selected and, on-the basis of existing SYSTRAN

rules, methods were sought by which additional or new rules

could be devised and, upon being tested during fresh computer

runs, incorporated into the System. 'A special subroutine de-

signed to deal with those single-word Russian adverb's which are

best rendered into English as adverbial phrases, comprised of

prepositions and nouns is described below. The prepositions

function normally (as synsemanticwords), while the nouns are

the carriers of the meaning.

A representative example of an adverb of this sort is the'

word VNACALE which has the meaning IN THE BEGINNING when'most

appropriately translated into tnglish., When, this adverb is con-

corded with a word functioning as predicate (or, which itself

is concorded to the left with an auxiliary), and the natural

word order is maintained, the translation is stylistically

awkward:

VNACALE NE VOZNIKAET . .

DOES NOT IN THE BEGINNING ARISE . . .

This substantiates the new ESYN modifications. The "adverb"

or "POS 30" routine checks the English area of the Dictionary

Meaning and checks for the words AT, BY, FOR, FROM, IN, and TO
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followed by a space and another word. If these conditions are

met, the adverb is rearranged behind the predicate and the con-

cord betweeh that adverb and verb is broken. Other adverbs,

should they precede the verb, remain intact for the new, ESYN

inserts. Thus the translation becomes as follows:

. . . VNACALE NE VOZNIKAUT .

.; . DOES NOT ARiSE.IN THE. BEGINNING

Should the sentence be modified by insertion of additional

adverbs located before the finite verb, the translation would

be similar to the following example:

. . . VNACALE NE OCEN6 ICASTO VOZNIKAET

. . . DOES NOT VERY OFTEN ARISE IN TAE BEGINNING

Other one-word Russian adverbs actually used in scientific

texts have been encountered and are now treated according to the

rules of this POS 30 Roi•÷-e.

Examples are give,. below:

S%•VF •E

C'hi ,THE FIRST TIME

'DETAL6NO

IN DETAIL

NADOLGO

FOR A LONG TIME
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Additional adverbs falling into this group can be compiled

2 as they are found in the texts in order that they also may be

subjected to the rules of this routine, and contribute to the

amelioration of the translation procedure.

Further modification to the ESYN programs affecting POS 04

(finite verbs) and POS 44/48 (infinitives) has been accomplished.

The new rule splits the inserted auxiliary material before the

first adverb concorded with the verb. The formula is as follows:

Aux + Adv + Verb (finite or infinitive)

In case of an infinitive, the TO, having been suppressed at

the verb, is inserted before the adverb. The formula is:

TO + Adv + Verb (infinitive).

In case of finite verbs, only the main verb form and, for

reflexive verbs, the reflexive pronoun are inserted at the verb

while the auxiliaries, pronouns, and negations are inserted be-

fore the adverb. The formula is

Aux/Pron/Neg + Adv + Verb (finite)

The procedure described in this rule will ensure that the collo-

cated expression ODNOVREMENNO VY4VL4ETS4 is translated IS

SIMULTANEOUSLY EXPOSED.

Special "adverb" routines based on an adverb as the current

words are being developed for the purpose of improving the trans-

lation procedures. Two such lexical routines whose current
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words are XOROWO and SOVSEM are given here.

The XOROWR is initiated by :he text word XOROWO which

carries the dictionary meaning WELL. This translation is modi-

fied to GOOD when the word functions as a predicate or when it

is not concorded to right or left.

Example: XOROWO, CTO V OCERKAX, POSV45ENNYX OTDEL6NYM
INFEKQIAM . . .

IT IS GOOD THAT IN DESCRIPTIONS, DEVOTED TO
SEPARATE INFECTIONS...

When XOROWO is concorded to the right or left, it is translated

WELL.

Example: 3TI REZUL6TATY XOROI70 SOGLASUHTS4 S DANNYMI
DRUGIX ISSLEDOVATEL1 Il.

THESE RESULTS WELL AGREE WITH THE DATA OF
OTHER INVESTIGATORS.

or: INFEKQII OPISANY XOROWO.

4.THE INFECTIONS ARE DESCRIBED WELL.

The SOVSEM Lexical Routine is initiat ed by the text word

SOVSEM which carries the dictionary meaning ENTIRELY. This

translation Is modified by preceding and following verbal ele-

ments.

If SOVSEM is preceded by a negated finite verb, negated

auxiliary, or negated infinitive, the translation is made AT

ALL.
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Example: ONI NE AGGLHTINIROVALIS6 SOVSEM V BOLEE POZDNIE
SROKI.

THEY WERE NOT AGGLUTINIZED AT ALL IN LATER
PERIODS.

• j SOVSEM preceded by a non-negated verbal is rendered ENTIRELY

from the SYSTRAN Dictionary.

Example: ONI AGGLHTINIROVALIS6 SOVSEM.

THEY AGGLUTINATED ENTIRELY.

If SOVSEM is followed by the negating particle NE and a

correctly negated word, this negation is dropped and the trans-

lation is modified in one of two ways, depending on whether or

not MALO ILI are in the same clause. If SOVSEM is preceded by

MALO ILI, the meaning IF is assigned to ILI and the meaning AT

ALL to SOVSEM.

Example: MIKROBY MALO ILI SOVSEM NE VIRULENTNY.

THE MICROBES ARE LITTLE IF AT ALL VIRULENT.

If neither MALO nor ILI are there, the meaning IN NO WAY is

assigned to SOVSEM.

Example: 3TOT METOD 4VL4ETS4 METODOM, KOTORYI PRIMEN4ETS4
ILI SOVSEM NE PRIMEN4ETS4.

THIS METHOD IS THE METHOD WHICH IS APPLIED OR IS
IN NO WAY APPLIED.

Additional adverbs were selected and special "adverb"

routines were developed for them. Three such lexical routines
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whose current words are DAVNO, OBRATNO, and VES6MA are also

given here.

DVNOR

This routine is initiated by the text word DAVNO which has

the dictionary meaning LONG. The routine functions only if

DAVNO is concorded with a word functioning as predicate. In

this case, DAVNO has its meaning modified, and the predicate

is made perfective.

Before any other operations, the word order of the sentence

is modified in those cases where DAVNO is concorded with a pred-

icate to its left. If the predicate is a short form adjective

or participle, the dictionary meaning LONG is retained and the

predicate is made perfective by inserting HAVE/HAS (depending

upon number) before and BEEN after DAVNO. The fourth verbal

form (past participle) is used.

Example: DAVNO IZVESTNO, CTO VYDELENIE CISTYX KUL6TUR
SV4ZANO S BOL6WIMI TRUDNOST4MI.

IT HAS LONG BEEN KNOWN THAT THE ISOLATION OF
PURE CULTURES IS CONNECTED WITH LARGE DIFFICUL-
TIES.

If the predicace is verbal, it is always made perfective as

described above. (If the verb is past tense, HAD is used instead

of HAVE/HAS). The translation of DAVNO is rendered A COMPARA-

TIVELY LONG TIME if it is preceded by SRAVNITEL6NO (which is

eliminated from translation).
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Example: 3TA PROBLEMA IZUCAETS4 SRAVNITEL6NO DAVNO.

THIS PROBLEM HAS FOR A COMPARATIVELY LONG TIME
BEEN STUDIED.

If the predicate is a past tense reflexive verb, DAVNO is

zendered LONG AGO.

Example: 3TO DAVNO 4VL4LOS6 USTANOVLENNYM FAKTOM.

THIS WAS LONG AGO AN ESTABLISHED FACT.

OBR

This routine is initiated by the text word OBRATNO, which

carries the dictionary meaning BACK (TGI = INVERSELY). The

meaning INVERSELY is used if OBRATNO is directly followed by a

form of the adjective PROPORQIONAL6NYI.

Example: POSLEDN44 MEN4ETS4 OBRATNO PROPOROIONAL6NO
CETVERTO1 STEPENI DIA14ETRA.

THE LATTER VARIES INVERSELY FROM THE MACHINE.

The meaning BACK is used if (1) OBRATNO is directly

followed by either of the prepositions V or NA governing the

accusative, or if (2) OBRATNO is preceded by the conjunction

I which is preceded by the accusative object of either of the

prepositions V or NA, or if (3) OBRATNO is directly followed

by the preposition OT and within five words to the right there

follows the preposition K, or if (4) within the sub-sentence

unit to the left of OBRATNO a word is encountered beginning

with the clusters UXOD, PERE, or STEKA.
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Example: ONI LETELI OBRATNO NA ZAPAD.

THEY FLEW BACK WEST.

or: PROISXODIT MIGRAQI4 MNOGIX VIDOV PTIQ, LET45IX
S MEST GNEZDOVYX NA ZIMOVKU I OBRATNO.

(THERE) OCCURS A MIGRATION OF MANY TYPES OF
BIRDS, FLYING FROM THE NESTING GROUNDS TO
WINTERING AREAS AND BACK.

or: REZUL6TAT DElSTVI4 PEREDAETS4 OBRATNO OT RUL4 K
KOMPASU.

THE RESULT OF THE ACTION IS TRANSFERRED BACK
FROM THE WHEEL TO THE COMPASS.

or: NA KRYWKE KONDENSIROVALAS6 ISPAR4H5A4S4 JIDKOST6
I STEKALA OBRATNO V BAK.

ON THE CEILING CONDENSED THE EVAPORATED LIQUID
AND FLOWED BACK INTO THE TANK.

The meaning VICE-VERSA is used if OBRATNO is immediately

preceded by the conjunction I but it is not preceded by the

accusative object of V or NA.

Example: 3TO PEREME5ENIE FRONTA PRIVODIT K IZMENENIH
XARAKTERA OTVETOV NEIRONOV S TONICESKOGO NA
FAZICESKIl I OBRATNO.

THIS SHIFT IN THE FRONT LEADS TO CHANGE IN THE
CHARACTER OF THE ANSWERS OF THE NEURONS FROM
"TONIC" TO "PHASAL" AND VICE-VERSA.

VES6MAR

This routine is initiated by the text words VES6MA (diction-

ary meaning AGAIN). When VES6MA is followed by a verbal, its

meaning is given as COMPLETELY.
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a iExample: 3TO VES6MA OSLOJN4ET PRAKTIKI TMMUNIZAQII.
I THIS COMPLETELY COMPLICATES THE PRACTICE OF

I MMUNI ZATION.

When VES6MA is followed by a long form adjective or

participle, its meaning is VERY.

Example: 3TO MOJET BYT6 VES6MA OGRANICENNYM.

THIS CAN BE VERY LIMITED.

When VNOV6 is followed by a verbal, its meaning is made

AGAIN.

Example: POSLE CEGO VNOV6 PEREVIVALI NA VYWEUPOM4NUTYE
"S RE DY.

AFTER WHICH THEY AGAIN REWOVE ON THE AFORE-
MENTIONED MEDIUM.

When VNOV6 is followed by a long form adjective and

participle, its meaning is NEWLY.

Example: VNOV6 OTKRYVAEMYE ANTIBIOTIKI OKAZYVAHTS4 UJE
OPISANY.

NEWLY DISCOVERED ANTIBIOTICS ARE ALREADY
DESCRIBED.

c. PROPER NAMES. An important development effected during

this optimization phase has been the recognition and automatic

translation of proper names and initials. This is accomplished

by two routines: NAMER in Structural Pass 0 and NAMCHR in

Structural Pass 4.
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F NAMER is designed to establish "Name Units" of variable

lengths in non-homogenous material. The initiating characteris-

tic in the input material is initial capitalization. The envir-

onment is then checked for possible ihitials, given names and/or

ipatronymics in the standard dictionary and/or titles of pro-
It

fessions. This material can occur either in a normal [title +

given name(s) + last name] sequence or in the reverse biblio-

graphic order: [last name + given name(s)]. The difficulty is

compounded by the variability in material, by the fact that last

name and initials may either be not-found words or words with

other parts pf speech assigned in MDL (Main Dictionary Look-up),

and by the fact that the sentence often contains only one

capitalized last name without any initia.s or titles to confirm

its function.

Many names are encountered for the first time in each new

text and so must be processed automatically without inclusion

in the standard dictionary. The "name units" must be identified

and structurally linked for correct synthesis of the English

text. This includes the correct placement of prepositions and

articles (though these are seldom used). In addition, in order

to assign the proper case, gender, and number to the "name

units," the endings and environments of the names must be

examined.

thus, all the ambiguities created by dictionary status

are overcome before structural analysis of such critical areas

as noun government and subject-predicate relationships occurs.
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5. NAMECHR further refines the treatment of those names which

were not taken from the standard dictionary (the not-found

words). In order to use the nominative-singular Russian as the

normative English name, the bit structure after structural

analysis is checked and the endings accordingly altered. Fol-

lowing this, transliteration of the name is carried out on the

new stem to ensure correct assimilation of the name into English.

d. NUMERALS. Provisions for the structural analysis of

literal and written cardinal and ordinal numerals are made in

all five structural passes. The position of each routine is

determined by the need in succeeding passes for the codes and

relationships it establishes.

The two routines in Structural Pass 0, SPOR5 and SPOR6,

set the preliminary codes necessary for the proper recognition

of basic grammatical relationships in Structural Pass 1. The

first routine, SPOR5, deals with the irregular government of

the written cardinal numerals DVA, DVE, TRI, CETYRE, OBA, and

OBE and of all literal cardinal numerals ending in 2, 3, or 4.

It sets up the appropriate case, gender, and number codes for

recognition in later passes of the concord of these numerals

with following nouns. It also provides for the plural trans-

lation of the noun to be modified.

t The second routine, SPOR6, performs an even more basic

function: it examines not-found words in order to isolate

those which are literal ordinal numerals (3-GO, 15-E, etc.).
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The isolated numerals are then assigned the case, gender, and

number codes appropriate for their endings and for the noun

which follows them. Further provisions are made to translate

the ordinal numerals with the appropriate English equivalent

2 (3RD, 15TH, etc.).

In Structural Pass 1 the underlying structural relation-

ships are established. The NUMBER10 routine has separate

a branches for literal cardinal numerals ending in %, for literal

cardinal numerals ending in 1 (except 11), and for all other

cardinal numerals. Ordinal numerals are treated as adjectives

for the analysis of potential concord. Literal cardinal numer-

als ending in % are placed in an adnominal genitive relation-

ship if the noun following is in the genitive. Otherwise

they proceed through the routine for all other cardinal numer-

als.

The OBAR in Structural Pass 2 completes the handling of

the irregular government of OBA, OBE, DVA, DVE, TRI, and

CETYRE which was begun in Structural Pass 0, SPORS. The cross

reference codes for this relationship are inserted in this

routine.

In Structural Pass 3, cardinal numerals are included in

the list of subject scans. A literal cardinal numeral is

accepted as a subject ii it is neither governed nor an apposi-

tive and if the predicate is not a short form neuter singular

adjective. A written cardinal numeral must be in the nomina-

tive case or govern or modify a noun or govern the preposition
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IZ to be accepted as a subject. Special provisions are made to

ensure that the numeral subject agrees in number with the

English predicate.

ORDNUM in Structural Pass 4 was written to correct the

possible concord of a cardinal numeral with a noun phrase modi-

fied by an ordinal numeral and to provide for the insertion of

r the particle "OF" before an ordinal numeral which does not

modify a noun.

The execution of these structural routines, linking each

cardinal or ordinal numeral, whether written or literal, with

a noun or verb with which it is syntactically related, often

determines the corresponding English translation.

e. ADNOMINAL GENITIVES. During the systematic analysis

of SYSTRAN output, the shift towards sophisticated problems

became apparent. Disregarding dictionary problems, which are

simultaneously corrected during the output analysis procedure,

the factors which influence translation are those complex

situations which come to the surface only when a system reaches

a high level of automatic parsing capability.

The following example is an illustration of the higher

level problems. (Due to the length ,-f the sentence, only

the section relevant tr, the problem will be given.)

Example: . . . NA VOZNIKOVENIE POSTO4NNO1 SOSTAVL4H5EI
SKOROSTI VETRA V NIJNIX SLO4X . . .
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The SYSTRAN translation is:

. . . ON THE EMERGENCE DIRECT COMPONENT WIND VELOCITY IN
THE LOWER IONOSPHERE LAYERS . . .

It is o.vious from reading this translation that the

adnominal genitive relationship between SOSTAVL4H5EI and

SKOROSTI was not at first recognized. Upon analyzing the

printout of the sentence analysis area in the computer high

speed core memory, at the time when the translation took place,

it became clear that both POSTO4NNOI and SOSTAVL4H5E1 were

recognized as modifiers- of SKOROSTI, due to the fact that they

have common cases and genders. Their part of speech reflects

that they are noun-adjective ambiguities. If such noun-adjec-

tive words can modify a noun, according to the present rules

4• such syntactic connections should have preference.

On the basis of the above example, the following additional

rule was added: If a noun-adjective is preceded by a modifier

and followed by a noun, an adnominal genitive relationship

should be preferred (if codes allow it) rather than a modifier

relationship. After the incorporation of this rule, the above

sentence portion was translated as follows:

. . . ON THE EMERGENCE OF THE DIRECT COMPONENT OF WIND
VELOCITY IN THE LOWER IONOSPHERE LAYERS . . .

Many similar higher level problems have been encountered.

In all cases the modularity of SYSTRAN made the easy inclusion

of the improvement possible.

68



I'I
4i

f. VERBS + OBJECTS. Instances have been encountered

demonstrating that some Russian verbs may function transitively

and that they may also, without any change in 'their lexical

meanings, require a specific preposition which expresses the

verb-object relationship by assuming, the role of the, governor.

As an example, the verb SUDIT6 is considered here and two

- sentences are given to illustrate the two grammatical phe-

nomena,

First, SUDIT6 is used as a transitive verb requiring its

object in the accusative case.

ONA STAVIT SEBE QEL6H IZLOJIT6 VPECATLENI4 OCEVIDQA,
SKRYVAVWEGO SVOE IM4 POD NAZVANNYM PSEVDONIMOM OT RABOTY:

V TOGO "BAKTERIOLOGICESKOGO' OTR4DA C$KVANTUNSKO1 ARMII",
DE4TELEI KOTOROGO SUDILI NA XABAROVSKQM PROQESSE..

Second, SUDIT6 is used with the preposition OB which

governs the object in the locative case.

TOL6KO TAKOE SRAVNITEL6NOE ISSLEDOVANIE POZVOLIT SUDIT6
OB ISTINNOM ZNACENII TOGO ILI INOGO KOMPONENTA KLETKI V
VIRULENTNOSTI KUL6TURY.

While in the first example the dire..t-object requirement

is treated in the normal manner during the structural analysis,

in the second example this requirement must be suppressed. An

instruction must be implemented which'shuts off the accusative

requirement once the preposition 0 or OB is encountered, there-,

by inhibiting the recognition of ISSLEDOVANIE as tihe direct

object of the verb. The subsequent subject routine can 'then

69



r/

correctly recognize it as the subjebt of the sentence.

This example leads to the hypothesis that this function

of the prepositional phrase initiated by 0, OB may be related

to the fact that a proper English translation of the preposition

is simply the omission of its meaning (SYStRAN's preposition-

translation code 99). When the meaning of a preposition is

omitted, the English usage corresponds to an English direct

object, the equivalentlof a Russian accusative. Thus in each

case when a verb governs a preposition and indicates an omitted

translation for that word, the accusative requirement should

be suppressed.

g. SEQUENCE OF TENSES. During the output analygis it

* was revealed that sentences containing certain adverbial

expressions require spe3cial considerations with respect to

*. the translation of tense of the finite verb used in the parti-

icular sentence., Two such expressions were noted and clasdified

as a type of indicator signalling that the present tense in the

Russian narrative might be rendered by the past tense into

English. The words were POSLE and ZATEM, translated AFTER and

THEN, respectively.

The English AFTER may be followed by the present tense

under limited conditions only. It has been observed that

in Russian narrative in which the author deals with the descrip-

tion of an experiment or a scientific event which took place

in the past, the finite verb frequently occurs in the, present
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tense after prepositional phrases initiated by POSLE and ZATEM.

In English, however, in order to prevent any interruption

in the continuity of action with respect to time, these present-

tense finite verbs have been regularly rendered in the simple

past tense. The tense-conversion step can be accomplished

before the English Synthesis program is executed. Examples

follow:

CEREZ NEKOTOROE VREM4 POSLE OTDELENI4 AVTOMATICESKO1
STA14QII OT RAZGONNOGO RAKETNOGO BLOKA VKLHCAETS4 SISTEMA
ORIENTAQII.

AT A CERTAIN TIME AFTER THE SEPARATION OF THE AUTOMATIC
STATION FROM THE ACCELERATING ROCKET BLOCK THE ORIENTA-
TION SYSTEM WAS SWITCHED ON.

POSLE POLUCENI4 SVETLOGO RASSYPCATOGO WLAKA VVOD4T
ALHMINI1 ILI FERROALHMINI1. vp

AFTER OBTAINING A WHITE FALLING SLAG, ALUMINUM OR FERRO-
ALUMINUM WAS ADDED.

The adverb ZATEM appears to create a similar situation,

especially when the present-tense finite verb is in the third

person plural.

ZATU'M VYCISL4HT SODERJAN?2 KOBAL6TA I JELEZA V

METALLICESKOM NIKELE.

THEN THE CONTENTS OF COBALT AND IRON WERE CALCULATED.
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ZATEM PRIBAVL4HT =N ML VODY, =N G MOCEVINY I NAGREVAHT =N MIN.

THEN IT WAS TREATED WITH =N ML OF WATER AND =N G OF UREA, AND
HEATED FOR =N MIN.

In addition, other words which seem to influence the

choice of tense have been considered. The expression SLEDUET/IT

FOLLOWS indicates that the future tense in the Russian sentence

should be translated by the present in English.

Iz /=N/, KAK I IZ /=N/, SLEDUET, CTO 3TO USLOVIE BUDET
VYPOLN4T6S4 TUT V DOSTATOCNO BOL6WOM RAZMERE TELA.

FROM =N AS FROM =N, IT FOLLOWS THAT THIS CONDITION IS
FULFILLED FOR A BODY OF SUFFICIENT SIZE.

Also, the connector ESLI when followed in Russian by the

future-tense verb form (imperfective or perfective aspect)

should be added to the list of words to be considered for ren-

de-7ing the present-tense verb in English.

ESLI 7Y4SNITS4, CTO EGO POKUPAHT DL4 LECENI4 PONOSA.

IF IT TURNS OUT, THAT THEY BUY IT FOR THERAPY OF DIARRHEA,

h. ABBREVIATIONS. In order to attain high efficiency in

translating abbreviations by automated means, a more detailed

processing was devised and made effective. Prior to these n.ea-

sures each abbreviation wa. assigned a code by which it was

identified by POS and BFQ in the dictionary and processed dur-

ing structural ana±ysis as a common noun. No provisions,
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however, were made for further considerations on the syntactic

level. This approach was too generalized and, in terms of the

more sophisticated development of the System in other areas
of the linguistic aspects of the Russian language, no longer

adequate. Improvements were therefore instituted.

The main effort was to review the existing file of abbre-

viations and to recode each entry along carefully designed

lines and, at the same time, to develop a methodology that

could be expanded and utilized either for coding the not-found

abbreviations revealed during each translation run or for sys-

tematically coding a dictionary of abbreviations. (The latter

would require the expansion of input conventions to allo; for

better differentiation of entries through the identification

of italics, variable capitalization, etc.)

As a result of a thoroug'i review of the existing fi.e,

it was found that the standard POS/BPQ of 1C/13 should be

retained only for those abbreviations which perform a noun

function in the sentence. In this way, structural modifications

can be made to accommodate this large group more specifically.

What did emerge from the investigation was that in addition to

the noun function, abbreviations, depending on interrelations

of words in a sentence, also function as adjectives, adjectival

nouns, pronoun-adjectives, ?roper nouns, titles of professions,

Ssuperlative adjectives, adverbs, prepositions, participles;,

numerals, and verbals. Steps were taken to recode the file

according to these diverse functions.
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During the analysis it also became clear that certain

abbreviations needed to be considered as homographs and should

therefore bear codes indicating their candidacy for homograph

analysis. It is anticipated that this approach will prove it-

self rewarding and will increase in significance in the future

as more abbreviations are encountered. To illustrate the

importance of correctly -oding items which, due to their

versatility of function, may have an impact on their environment

as far as the grammatical structure is concerned, the Russian

SM is here considered. It has been encountered with two of

the following meanings: (1) CENTIMETER or CM., and (2) the

imperative form o "see," i.e., SEE, q.v., vide, or cf. When

used as a unit of .'easure, this abbreviation is preceded by a

numeral to which it is syntactically tied. When it functions

as a verbal, however, it is desirable that the System recognize

it as such, since the structural analysis should reveal that

SM. is a predicate, or governs a direct object, or requires

certain prepositions. The sentence structural analysis will

be greatly improved as a result of this, yielding a better

translation.

A list is given below presenting the various noun functions

of abbreviations as they were encountered during machine trans-

lation output analysis. The POS and BPQ codes assigned to

these entries in SYSTRAN dictionaries are at the head of each

group of Russian abbreviations and their English equivalents.
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Pure Adjective

POS/BPQ =20/20

ABS. ABS.AMER. 4
AMERIK. C$AMER.
AMERIKAN

ANGL. C$ENG.
V IAVTODOR. 

HWY.
BY". FORM.C.D.A. CAP
FIZIC, ±'HYS.
FOTOGR. PHOTO.
GEKSAG. HEXAG.
GQK CC$FCC
HJ. C$S.
IK. CC$I.R.
INFORM. INFO.
KRIT. CR1 T.KUB. CU.
LATJ. C $LAT
MEXAN. 

MEI,MEXANIC. ME.

MN. PL.
MOL. MOL.NAST. THIS
NElTR. NEUT.
OTN. RLOTRIQAT. NEG.
PER. TRANS.
PERE-M. VAR.
P RI KL APP L.
QILINDRIC. CYLIND.
RUS. C$RUSS.
SPEQ. SPEC.
TEXNIC. TECH.

UCEBN. EDCNL.
UD. SPEC.U.F. CC$U.V.
US L. CONV.

VOST. CC$E.*X.C. 
CC$C.P.

XIMIC. CHEM.
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3KSPERIM. EXPERIM.
3KSPONENQ. EXPON.
3L.-GRAFIC. EL.-DIFF.
3L.-MIKROSKOPIC EL.-MICRO.
3L.-OPTIC. EL.-OPT.
3LEKTRIC. ELEC.
3LEKTROSTATIC. ELECTROSTAT.
3NERG. C$E.
3NERGETIC. ENERG.
4DERN. NUCL.

Adjectival Noun

POS/BPQ = 24/21

If the noun and the adjective meanings differ in

English, the adjective precedes the noun.

ARIFM. ARITH.
AT. AT.
ATM.* AT.
C.M. F/M
ED. SING./C$U.
FILOS. PHILOS.
FIZ. PHYS.
FR. C$FR./FR.
GL. MAIN/C$CH.
I MP. IMP.

ISPYT. EXP.

J.. 4CC$R.R.
KN. BOOK .
KV. sQ.

MA.TEM.
MAT. MATH.
MATEMAT.
MED.* MED.
MEX. MECH.
NC L.F.

4REG. REC.
S0K R. ABBREV.
TEXN. TECH.
13KV CC$USW
VC CC$H.F,
XIM. CHEM.
XROMATOGR. CHROMATOG.
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Proper Names-- Inanimate

POS/BPQ =14/11

ARMS SR C$ARM CC$SSR
CC$BSS

FRG CC$FRG
GDR C$D
GSSR CC$GSSR

KAZSSRC$KAZAXH CC$SSRKNDR CC$KDPR
*KNR 

CC$CPR
KSSR CC$KAZAYH- CC$SSR
LITSSR C$LIT CC$SSR
M.-L. $.CL
R.N.R. CRPR
RSS R CC $RS FSR:
SSSR CC$USFSR
SWA CC$USAR
USSR C$TJKR CC$SSR
3SSSR CC$ESSR

3STSSRC$EST CC$SsR

Titles Of Professions

POS/BPQ =18/12

CL.-KOR. CSCORR.-C$MEM.
INJ. ENG.
INJ.-MEX. MECH. ENG7.
INJ.-TEXNOL. TECH. ENG.
RAND. MASTER
PROF. PROF.

Superlative Adjective

POS/BPQ 20/28

4-SW

VYSW.HIGH (codes allow sYnthesis
in ESYN)
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Adverb--Never Predicate

POS/BPQ = 30/3F

D.S.P. UNTIL NOW
D.B. PROB.
GL.OBR. MAINLY
M.B. PERHAPS
PRIBL. APPROX.

Preposition Requiring the Genitive Case

POS/BPQ = 50/BA

IM. NAMED AFTER
VM. INSTEAD OF

Preposition 'OKOLO'

POS/BPQ = 50/A8

OK. ABOUT

Pronoun-Adjective

POS/BPQ = 28/22

KK.-N. SOME

Past-Passive Participle

,POS/BPQ = 80/83

GRANEQENTRIR. FACE-CENTERED (and codes
to synthesize it in
ESYN)
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Cardinal Numeral

POS/BPQ = Ao/18

MLRD. BILL.
MLN. MILL.

TYS. THOUS.

Imperative Form of the Verb

POS/BPQ = 04/48

SM. SEE (and codes to synthe-
size it in ESYN)

(First processed as
HM).

SR. COMP.

In addition to the items listed above, all

SYSTRAN entries coded as POS/BPQ = 1C/13 were up-

dated and now bear codes indicating gender, number,

case, animation, preposition translation, and any

other applicable information. The purpose of all

these codes is to ensure a more correct structural

analysis and subsequently a higher-quality trans-

lation.

7
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i. ARTICLES. The article routine has been improved, when-

ever logically fedsible, to consider the following possibilities

in translating from the Russian language to English:

1. No article should be inserted in the translation.

2. The definite article should be inserted.

3. The indefinite article should be inserted.

Several considerations must be utilized in the process of

developing a workable tool which must dependably inserts the

English article correctly. In scientific literature, the

definite article THE is used more often than the indefinite

article A or AN. With nouns standing alone, THE is used as

much as 95 percent of the time while with others, use of THE

may reach a full 100 percent: in one instance, ABSORPTION

received THE 225 times, but AN only 12 times; ABSENCE received

THE 135 times and AN not at all. Obviously, THE became the

primary target of investigation.

Nouns standing alone may. if they belong to particular

conceptual categories, require the determination normally ex-

pressed in English by THE. This article, although hardly sub-

ject to any collocational restrictions (articles are found in

almost any lexical environment in the language that the grammar
permits), can be shown as functioning "structurally"--outside

any grammatical reference--in English. This is substantiated

by observing article occuirrence in a large cor,?us of running
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text. This fact alone, provided the field is investigated ex-

haustively, or nearly so, eliminates the normally expected

search for some manifest relationship to the referential and

situational meaning of the words concerned. The range is

therefore narrowed to the ultimate or, at the most, immediate

constituent. This is primarily possible because the literary

style of technical and scientific publications tends to make

use of sequence-type sentences rather than of situation-type

ones.

The information below is the result of a preliminary

analysis of nouns and their determiners. The example shows

nouns that prefer, to a certain extent, the definite article.

No. of THE A/AN
Name Occurrence % %

ABILITY 48 100 -

ABSCISSA(S) 24 100
ABSENCE 135 100
ACCUMULATION 42 93 7
ABSORPTION 267 95 5
VALUE(S) 102 95 5

Another way of considering the determiner is to look for

the presence of a formula or a number which, together with the

noun that follows it, forms an identifiable unit. The definite

article is placed before such a unit as the following examples

illustrate (in the transcription formulas are rendered by "=X1
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and numbers by "=N".) •

THE =N =X LEVEL
THE =N =XREGION
THE =N =X WAVELENGTH
THE =N AND =N ENZYMES
THE =N AND =N LEVELS
THE =N AND =N STATES
'THE =N AND =N SUBLEVELS
THE =N AND =N SOLUTION AMPLIFIERS
.THE =N CENTURY
THE =N COEFFICIENTS
THE =N DERIVATIVES'
THE =N DIRECTION
THE =N DONORS

ETHE N ELECTRODE
THE =N EQUATIONS
THE =N EXPERIMENTS
THE =N LEVEL
THE =N MASS SPECTROMETER
THE =N METHOD
THE =N NETWORK
THE =N NEURONES
THE =N OXAZOLIDONE
THE =N PENICILLIUM STRAINS
THE =N PENICILLIUM CULTURES
THE =N PHAGE
THE =N PHAGOLYZATE
THE =N PHOTOGRAPHS,
THE =N PHOYPHAGE
THE =N PLANE(S)
THE =N POLYGONS
THE =N POLYPHAGE
THE =N POSITION
THE =N PYRAZOLINE
THE =N RADIATION
THE =.N RANGE
"THE =N REFLECTION
THE =N REVOLUTION
THE =N RIBOFLAVIN
THE =N SECTION(S)
THE =N SIGNIFICANCELEVEL
THE =N SPECTROMETER
THE =N STATE(S)
THE =N STEROID DERIVATIVES
THE =N SUBLEVEL(S)
THE =N TRANSITION

'THE rN TYPE,
THE =N VALVE
THE =N YEAR
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THE =N - DAY EXPERIMENT
THE =N - NEURONES
THE =N - PHENYL
THE =N - POSITION
THE =N - TYPE
THE =N- UNIT
THE =N - VECTOR
THE =N - NND DAY
THE =N - NND DEGREE
THE =NST CENTURY
THE =NTH CHANNEL
THE =X AND =X ALLOYS
THE =X AND =X AXES
THE =X AND =X BRANCHES
THE =X AND =X CONTENTS
THE =X AND =X CHROMATOGRAPHS
THE =X AND =X COMPONENTS
THE =X AND =X CULTURES
THE =X AND =X CELL(S)
THE =X AND =X ENZYMES
THE =X AND =X FORMS
THE =X AND =X LEVELS
THE =X AND =X MOLECULES
THE =X AND =X MODES
THE =X AND =X PARAMETERS
THE =X AND =X RATIOS
THE =X AND =X SYSTEMS
THE =X AND =X SUBLEVELS
THE =X AND =X TYPES
THE =X AND =X VALUES
THE =X ALLOY
THE =X ARE + complement
THE =X AXES
THE =X AXIS
THE =X BAND(S)
THE =X CELL(S)
THE =X COMPONENT
THE =X COORDINATE(S)
THE =X CULTURE
THE =X CURVE
THE =X CYCLE
THE =X DERIVATIVE
THE =X DEVICE
THE =X DOUBLET
THE =X ELECTRODE
THE =X ENZYME(S)
THE =X FORM
THE =X GROUP
THE =X ION(S)
THE =X IS + participle or complement
THE =X LEVEL(S)
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THE =X LINE (S)
THE =X MARTENSITE
THE =X MOLECULE(S)
THE =X PHAGE
THE =X RADIATION
THE =X RATIO
THE =X REACTION
THE =X REGION(S)
THE =X REPRESENTATION
THE =X SALT
THE =X SPECTRUM
THE =X SPHERE
THE =X STATE
THE =X STRUCTURE
THE =X SUPERSTRUCTURE
THE =X TRANSFORMATION
ThE =X TYPE
THE =X VALUE(S)
THE =X VECTOR(S)
THE =X WAS + participle or complement
THE =X WERE + participle or complement
TH" =X -- BRANCH
THE =X -- COMPONENT
THE =X -- ELECTRON
THE =X -- IRON
THE =X -- METER
THE =X -- PARALLAXES
THE =X -- PHASE
THE =X -- PLANE
THE =X -- REGION
THE =X -- SPACE
THE =X -- TH + noun
THE =X -- TYPE
THE =X -- ZONE

Work on the definite article in English also consisted of

examining a large body of texts for the occurrence of THE before

words placed in complete sentences as modifiers of nouns. The

aim was to establish groups of words grammatically used as

adjectives which by themselves could adequately define the noun,

necessitating the insertion of the definite article before it.

To avoid an approach considered nugatory in any manner, the

procedure was based on live and valid data which provided for
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a circumspect observation of the "ambivalence" generally

attributed to the English articles. The outcome yielded

empirically valuable figures which were systematically com-

piled for the improvement of the article insertion proqram.

The search for modifiers influencing the choice of the

definite article went, due to the availability of factual

sentences taken from texts of various scientific disciplines,

beyond the conventional selection of adjectives (NEXT, SAME,

VERY, ONLY, PAST, ORIGINAL, etc.) by carefully looking at

modifiers which were consistently preceded by the definite

article and at modifiers which consistently prohibit the

presence of the article (EACH, EVERY, ALL, etc.) The table

below shows words which when modifying nouns are preceded by

THE.

No. of THE
Name occurrence

ACHILES + N 12 100
ACOUSTIC + N 37 100
ADJACENT 22 100
ADJOINT 12 100
AFOREMENTIONED 11 100
AGGREGATED (+N) 3 100
ALLOWED (+N) 5 100
ALPHA (+N) 10 100
ANTIBIOTIC 22 100
ANTICIPATORY 10 100
APPROXIMATING 5 100
ARITHMETIC(AL) 12 100
ASCENDING 26 100
ASSOCIATED 5 100
AUDITORY 12 100
AUSTENTITE 19 100
AVAILABLE 15 100
BACTERIAL 39 100
BAROMETRIC 4 100
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No. of THE
Name occurrence %

BARATROPIC 4 100
BASE 41 100
BEST 81 100
BIOCHEMI CAL 8 100
BLOOD 11 100
C$BOOLEAN 20 100
BREAKING 20 100
C$BROWNIAN 10 100
CALCULATED 85 100
CARBIDE 16 100
C$CASPIAN 22 100
CAULOBACTOR 7 100
CELLULOLYTIC 11 100
COMPUTATIONAL 13 100
COMPUTED 16 100
CONTRALATERAL 12 100
CORONARY 11 100
CORRECTED 9 100
C$DEBYE-C$HUCKEL 9 100
DECARBOXYLASE 5 100
DECIMAL 9 100
DEFORMED 13 100
DEHYDROGENASE 11 100
DEPOSITED 37 100
DESCENDING 10 100
DESCRIBED 36 100
DLSIRED 38 100
DETECTING 12 100
DETERMINED 12 100
ACTION + N 79 90.0
ACTIVE 87 89.0
ACTUAL 76 91.6
ARIAL 59 90.8
AIR 13 76.5
ALLOWABLE 11 90.9
AMINO 31 93.9
ANGULAR 56 94.9
ANOMALOUS 24 86.0
APPROPRIATE 17 85.0
ASYMPTOTIC 47 11.0
ATOMIC 12 92.7
AUTOMATIC 58 83.0
AVERAGE 154 91.0
AXIAL 31 96.9
BASAL 22 91.7
BASIC 139 94.0
BINARY , 7 86.0

BIOLOGICAL 28 90.7
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No. of THE
Name occurrance %

BOUNDARY 78 96.8
CAPILLARY 14 87.5
CARBON 61 87.2
CATHODE 14 77.8
CELLULAR 19 95.0
CENTRAL 64 85.4
CHEMICAL 31 96.9
COMBINED 18 90.0
COORDINATE 48 95.9
CORRECT 24 92.3
COSMIC 27 93.1
CRITICAL 155 95.1
C$DEBYE 17 94.5
DIELECTRIC 27 96.3

When certain nouns are used in collocation-type construc-

tions ý.vith adjectives, it is possible to group them according

to conceptual categories to which they belong and to determine

whether or not certain adjectives warrant use of the definite

article. One such category is "parts of a living body" as shown

by the examples below:

THE CONTRALATERAL LEG
THE CONTRALATERAL BICEPS
THE CONTRALATERAL LIMB
THE CONTRALATERAL SIDE

Since the adjective also qualifies to be categorized

conceptually, groups can be developed permitting the applica-

tion of rules for the insertion of the definite article. One

such category is "proper name" as in THE CASPIAN GROUND-WATER

FLOW which is directly related to the name THE CASPIAN SEA.

When the construction PROPER NOUN + NCUN is preceded by a modi-

fier the whole phra~e is considered as one unit and is
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determined by THE, as in THE CRITICAL JOSEPHSON CURRENT.

Additional examples are offered below:

THE BOOLEAN COMBINATION
FUNCTION
MATRIX
MATRICES
SUBMARINES

THE BROWNIAN MOTION
PARTICLES

THE DEBYE FORMULA
FREQUENCY
RADIUS
SPHERE

TH" DEBYE-HUCKLE THEORY

In cases whiere neither the individual noun nor the adjec-

tive can decisively resolve the dichotomy, the search for the

signal is directed to both members of the collocation to see

which of the particular phrases should be considered. Pre-

liminary checks have revealed that METHOD and PHASE, whenever

modified by ACOUSTIC and ASCENDING, respectively, received the

indefinite article but, whenever modified by DESCRIBED and

CARBIDE, received the definite article. Similarly, the phrase

* MACHINE TRANSLATION almost never takes any article, but

TRANSLATION alone may take either THE or A.

It was noted that certain expressions were brought for-

ward as evidence or support of the subject matter discussed

by the author. These words, for the most part modifiers,

were enclosed within quotation marks and the quotation mark
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indicating the beginning of the "quote" was preceded by the

definite article THE. Below is given a list of expressions

extracted from scientific texts in which each of the expressions

was preceded by the definite article only.

"ALL OR NONE" PRINCIPLE
"ABBREVIATED" SYSTEM
"ACTION SPECTRUM" OF . . .
"ACTIVE" STATE
"ADULT" ONES
"AFTER EFFECT" IN . . .
"ANNEALING" CURVE
"AVERAGE" OBSERVER
"BACKGROUND"
"BEAT" TYPE
"BIOLOGICAL" CLOCK
"CELLS"
"CENTRAL" ION
"CENTRAL" PARTICLE
"CHARGING" OF . . .
"CLOCK"
"COEFFICIENT OF MAXIMUM OF VARIANCE"
"CONE" INSTABILITY
"CONSTANT" CORRECTION
"CONSTRUCTION"
"CONTRIBUTION" OF
"CORRECT" REPLACEMENTS
"CRITICAL MASS"
"DARK" CULTURES
"DARK" COEFFICIENTS
"DARK" VALUES
"DERIVATIVES" OF .

"DIOXANE"
"DISCARDS"
"DISSOLUTION" OF . . .
"EFFECT" FUNCTION
"EFFECTIVE FETCH DIRECTION"
"ELECTRON" TEMPERATURE
"ELECTROSTATIC" COMPONENT
"ENZYMATIC" SIGNAL
"FILAMELNTOUS" BACTERIA
"FIRST" CASE
"FORCE" OF . . .
"FORM =N"
"FORM =X"
"FROZEN-IN" SYSTEM
"GAS" OF THE SEGMENTS
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"GENERALIZED HAMILTONIAN"I "GULF STREAM =N"
"HALF-MOON" ARRANGEMENT
"HALF-MOON" CHROMATIN ARRANGEMENT
"HORIZONTAL EDGE"
"HUMP" IN THE CHARACTERISTICS
"HYDROPHILI CITY"
"INCOHERANT" RADIOWAVE
"INTACT" ZONE
"INTERNAL CURRENT"
"LABELED" BASES
"LATE RECEPTOR POTENTIAL" =X
"LATE" =X

r: I "LIGHT" CULTURES'
"LIGHTNING" MECHANISM
"LOCKING" OF THE IONS
"LONGWAVE" FORMS
"LOSS CONE INSTABILITY"I "MARGIN COEFFICIENT",
"MARKUSSONOVSKI1" FRACTION
"MATURE" STATE
"MAXIMUM SODIUml PERMEABILITY"
"MEASURED" SLANT RANGES =X
"MINIMUM" PRINCIPLE
"MINIMUM-B" PRINCIPLE
"MINIMUM-l" TYPE
"MINIMUM-B3" CONDITION
"MODULAR DERIVATIVE" OF . . .
"MONOME RIC" FORMS
"NARROW" SITES
"OPERATION CABOT"
"OXYGEN" EFFECT
"PEROXIDE"' RADICALS
"PHASIC" MONITOR UNITS
"PLATEAU" REGION
"POLAR" TIDE
"PROHIBITED" ZONE
"PROHIBITED", INTERVAL

"RADIATION" PROFILE
"RED BAND"
"RED DROP"
"RED" BAND
"REMAINDER"
"RESPONSE"i• '•RETINA"

""'RIGHT HAND ROTATION"
"I ODINA- =X" TYPE
"SATURATED" ONES
"SATURATED" SYNTHETIC
"SECOND" PHASE
"SHEAR"
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"SHOULDERS"

"SITE"

"SKELETOMUSCULAR" ONES
"SPIKES"
"STABILITY MARGIN"
"STANDARD LIST"
"START LINE"
"STRELA" DIGITAL COMPUTER"
"STRENGTH - DURATION" CURVE
"SUBLAYER"
"TENSOR OF THE HEART"
"TETANUS"
"TOTAL VARIATION"
"" TRANSPARENCY INDEX"
"TRANSITIONAL" SPECTRA
"UNDAMAGED" SIDE
"VARIABLE COMPONENT"
"VELOCITY" SPREAD
"VERTICAL COSMIC PROBE
"WARM AND COLD PATCHES"
"WHOLE" CHARACTER
"WORKING" INTERVAL
"YES-NO" TYPE
"ZAZER'S" EXPERIMENTAL PLOTS

The given list establishes the fact that quotation marks

are used abundantly in scientific texts. The palpability of

the information warrants a special classification of the

quoted expressions for the purpose of establishing the pre-

dictability of the occurrence of the definite article.

Codes have been established on the basis of the results

of these investigations and incorporated into the System. It

has also been possible to code verbs which, when functioning

predicatively, define nouns in such a way that definite articles

can be predicted for these nouns. Moreover, certain preposi-

tions (e.g., DL4 and V) have been coded as indicators of

definite articles for their objects.
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SECTION IV

PROGRAMMING SPECI7ICS IN I1MPROVING THE EFFICIENCY

OF SYSTRAN PROCESSING

1. SELECTION OF L. S. COMPOUNDS WITHIN TOPICAL GLOSSARIES

Original implementation of the Limited Semantics Compound

Dictionary did not allow for special selection of compounds by

topical glossary. As the number of L. S. expressions added to

the SYSTRAN master dictionary grew, a provision was made to

carry topical glossary indications; however, when the compound

dictionary was created for use during translation processing,

all expressions were considered as belonging to the general

meaning category,

By including all expressions in the dictionary, regardless

of topical glossary for a common principal ;!ord, the generated

compound record bec;mne extremely large. Consequently, MDL

(Main Dictionary Lookup program) was not able to attach the long

compound information within the limits selected for efficient

processing through the sort following MDL and prior to the final

translation phase. The long compound information had to be

retrieved by the LSLOOKUP program in the final translation

phase. Additionally, selectior of matching compounds with the

text is more accurate in that the compounds are searched for a

match in the priority order specified for the text being pro-

cessed.

To create the L. S. Compound disk dictionary by topical
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glossary, the CLS4 program was modified. This modification

included the creation of an index file to the main dictionary

file. An index record v, ,s created for each principal word and

contained the topical glossary indicator, disk address of the

corresponding compound record, and the length of the compound

record. The disk address of this index record rather than the

disk address of the compound record is passed to DUPDTLS (L. S.

address updating program) for including the address in the

master stem dictionary file. MDL was then modified to access

this index record. The index record is scanned for requested

topical glossary information, and, using the length specifica-

tion in the index, the compound record is either attached to

the text word or the disk address for later retrieval by LSLOOK-

UP.

The LSLOOKUP program was modified to analyze the compound

records for a match with the text in requested topical glossary

sequence. Three disk track areas are provided for retention of

compound information, and, prior to accessing the disk file for

compound information, these areas are examined for the presence

of the desired compound already residing in memory, thus elimin-

ating disk retrieval time.

Parallel to making the before mentioned program changes,

the L. S. compound creation programs CLSl and CLS2 were elimin-

ated and their functions included in the translation processing

programs LOADTXT and MDL since their contents were almost ident-
ical. By combining the instructions in common programs, any

93



change to the basic mechanics of processing can be made to just

one program, eliminating updating and assembling of two separate

programs. Additionally, this method assures accuracy in per-

forming identical dictionary lookup of text wL s being trans-

lated and of L. S. Expression words for the creation of the

compound dictionary.

2. LEXICAL ROUTINES: IMPROVED HANDLING OF MULTIPLE-MEANING

WORDS

In that the selection of lexical routines to be activated

for text words being translated is partly based on the beginning

word characters of the text word, a standard binary search rou-

tine could not have been used. The lexical control program was

therefore initially designed with a sequential table lookup for

the routine desired. The number of lexical routines written at

that time were few so this method was about as efficient as the

binary search type.

As the number of lexical routines increased to several

hundred, the sequential search bec.i.ie time consuming. Therefore,

a special binary search routine was a•1ced to the lexical control

program to determine whether or not the tex.td word has already

been translated by prior translation programs, in which case

execution of a lexical routine for this text word can be elimin-

ated.
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SECTION V

SYSTRAN AND THE CONTROVERSY ABOUT THE, FEASIBILITY. OF

MACHINE TRANSLAT ION

SYSTRAN is being developed at a time of considerable con-

troversy about machine translation, or. more specifically, about

the expected quality of machine translation, in the United

States as well as abroad. In the United States a series of con-

ferences were held at the U. of Texas, devoted to the 'study of

high quality translation. In the Soviet Union, the journal

Nau6no-Texni6eskaja Informacija devoted a whole article in its

6th issue in 1970 to the evgluation of the 'quality of machine

translation.

The Texas conference investigated the problem from both

philosophical and technical points of'view; we concern ourselves

with the latter in this technical report. There seemed to be

general agreement that subject matter (knowledge) can be trans-

ferred with fidelity by automatic means.1 It was also agreed

that translators cannot keep up with rapid technological advances

and changes in technical terms6 A large scale machine transla-

tion system can be updated, every week if necessary, with the

latest terni.nology thus assuring correct and unvarying transla-

1 Final Report, "Feasibility Study on Fully Automatic High

Quality Translation", University of Texas at Austin, Contract
F30602-70-C-0129, p. 7.
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tion of technicdl terms and concepts4

SYSTRAN uses topical glossaries to insure proper transla-

tion of technical terms which vary in meaning from one subject

area to another. Not even one third of SYSTRAN's topical gloss-

ariz'ation capability is used at/this time. At present, meanings

are attached to SYSTRAN dictionaries in only i subject fields,

jalthough the present System could handle 36 subject field areas
1t

on individual lexical entries as well as on compound levels.

This means that SYSTRAN is presently equipped to translate texts

in ten different Specialized subject areas, and is potentially

ready to translate in thirty-six areas.

The Texas report states that "programniing of many linguis-

tic algorithms remains a: slow and difficult task." 2 It should

be noted in this rfspect that this statement can be maintained

only if a suitable language to communicate with the computer

does not exist. The SYSTRAN MACRO language developed by LATSEC,

INC. overcomes this hurdle and makes the programming of linguis-

Lic algorithms atquick and simple task which can be carried out

'by linguistic personnel themselves after a brief training per-
iod. The MACRO instructions are converted into direct assembly

language, allowing communication with the computer in the lan-
guage clbsest to the computer, 'thereby making full use of the

logical capabilities and the available high speed core of the

computer.

, 
20p.cit., p. 14.
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There are two further prime considerations in discussing

machine translation. One is time: "The need for virtually im-

mediate translation is one of the major reasons for concern with

machine translation." 3 In other words, given a choice between

overnight machine translation and a human translation in a fort-

night, today's scientist, cognizant of the problem of obsoles-

cence in scientific and technical writing, will tend to choose

the perhaps less elegant, but certainly more immediate, auto-

matic translation.

The other consideration is quality. (Nida and Bar-Hillel

have both remarked that the level of quality desired is relative

to the user.) For example, a physicist may be satisfied with a

faithful, if labored, transmission of concepts, while a stylist-

ician will require the idiom of the target language.

SYSTRAN's listing of L.S. compunds and idioms, in addition

to its numerous specialized lexical routines, allow the linguist

to greatly minimize stilted, too-literal translations by making

special provisions to attain translation equivalency for idio-

syncratic units or constructions as well as for individual lexi-

cal items. An example of this is the handling of the Russian

MOJNO construction. Consider the following Russian sentence:

NEKOTORYE FAKTY MOJNO UJE SCITAT6 USTANOVLENNYMI.

There is in this sentence, no overt surface subject, since

3 0p.cit., p. 6.
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MOJNO, an impersonal expre3sion, functions as subject and predi-

cate. A literal, word-by-word translation could produce the

following:

SOME FACTS (IT) IS POSSIBLE (or CAN) ALREADY TO CONSIDER
ESTABLISHED.

Rearranging that translation would yield the following

slightly more readable sentence:

IT IS POSSIBLE TO CONSIDER SOME FACTS ALREADY ESTABLISHED.

SYSTRAN, rather than supplying an impersonal subject such

as ONE or IT, chooses the accusative object noun to serve as

surface subject, yielding the following translation:

SOME FACTS CAN BE CONSIDERED ALREADY ESTABLISHED.

The article in the Soviet publication, Naudno-Texni6eskaja

Informacija (NTI), analyzes possible criteria which may be de-

veloped to evaluate human and machine translation. It vtresses

the fact that no real attempt has been made to objectively eval-

uate automatic and human translation. It also stresses the

fact that human translation may demonstrate a good many inade-

quacies which usually do not occur in machine translation. The

smoothness of the human translation in comparison to the rough-

ness of machine translation usually influences any evaluation

adversely against the latter. The article elaborates upon me-

thods of evaluating translations and sets up various evaluation
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scales. The article also refers to the English-Russian machine

translation carried out in the Soviet Union.

Segments of this article which have been translated by

SYSTRAN are given below. The translation reflects present

SYSTRAN quality resulting from a careful update of grammar codes

and English synthesis codes. The hundreds and hundreds of high-

! jly sensitive algorithms incorporated into SYSTRAN can carry out

their tasks only if the entries of the supporting dictionaries

are correctly supplied with all the necessary grammar codes. A

systematic improvement on the grammar code level often requires

analysis of the occurrence of certain lexical items in context,

since the human mind is incapable of determing a priori all the

possible syntactic and semantic relationships in which a given

entry may function. The translation also illustrates where fur-

ther refinements are necessary. For example, in the sentence--

3TA PROQEDURA NE DAET, ODNAKO, OTVETA NA VOPROS, KAK
VLI4ET TOT ILI INO± TIP OWIBKI PEREVODA NA OB5UH OQENKU
KACESTVA.

-- the Russian preposition NA may be governed by the noun

PEREVOD as well as by the verb VLI4T6. Since PEREVOD immedi-

ately preceeds NA, SYSTRAN recognized it as the governor of the

preposition, translating the preposition as INTO. In this case,

however, the requirement of the verb overrides that of the noun,

and the translation of NA should have been suppressed.

SYSTRAN's translation is presented in the following reduc-

tions of actual printouts. The output reflects a 1403 printout
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rather than a 360 printout which does not possess a colon,

semicolon or quotation marks. Consequently where such punctua-

tion should have occurred, blanks occur in the translation.

Following the English translation, the Russian original, which

served as direct input to SYSTRAN, is given.

The last translated paragraph of the Soviet article states

that, for practical translation purposes, a full dictionary is

indispensable, implying that this need be augmented only by sim-

ple algorithms. We cannot agree with this statement. Although

a full dictionary supplied with correct grammar codes is of

great importance, simple algorithms cannot carry out the trans-

lation task. SYSTRAN's algorithms analyze each sentence from

every possible syntactic point of view and, in addition, utilize

a certain amount of semantic information. Previous decisions

are reconsidered repeatedly as a coding s heme of about 100

bytes (800 bits) is built up after each word to express the nec-

essary syntactic ties between the members of each sentence and

subsentence. The hierarchical analysis carried out by the algo-

rithms, which use sequences of subroutines and nested subrou-

tines to carry out high level logical decisions, can be caIled

anything but simple.

SY.IRAN's most powerful feature, however, is the open-

endedness of these sophisticated algorithms which makes them

amenable to further refinement. These refinements can be made

continually at either the syntactic or semantic level. It

should be kept in mind, however, that syntax and semantics
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are so closely interrelated that the construction of any ade-

- • [quate grammar will require that as much care be devoted to the

development of the semantic con,.onent as is given the syntactic

I component. SYSTRAN's present stage of sophistication makes it

abundantly clear that semantics can and must be accounted for

in an automatic recognition grammar.

:410
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02-12-72 PAGE

SUBJECT CODE 3.

THE AUTOMATION CF THE TRANSLATION OF TEXTS.

THE EVALUATION OF THE QUALITY OF MACHINE

TRANSLATION.

V. A. Mcskovicht S, M. Vishnryakova.

The purpose of the work is the definition of the acceptable and

permissible quality of machine translation provided both to postediting and

to direct distribution without postediting. Such a study ,must be conducteo

for the clarification of the possibility of the practical use of

experimental systems of machine translation (MT) and for the formulation of

requirements for the quality of the translation which should be ensured by

the Improved algorithms of MT.

The question of the permissible quality of machine translation is

today one of the central questions of the theory and practice of NT, whose

solution will in many respects contribute the substantiated pridiction of

S101a
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further works in this field.

The results of these works in the evaluation of the quality of

translation do not make it possible to give a clear answer 'to the question,

placed in these-works: how satisfactory is machine translation being

obtained today? On the basis of these works it is possible to make only

that conclusion, that the texts machine translatedt according to all

characteristics are inferior to the texts translated by man.

In connection with this ccnclusion let us note our difference of

opinion with the being practiced in abovementioned and similar to them

works procedure of presentation in the same experiments of the texts

translated by people, and the texts machine translated. The fact is that

in the absence of the preliminary attribution of translation to a certain

qualitive class it is difficult to judge, what the text of the translation

sets forth. Up to now a basis for the comparison of the qualitative

characteristics of ordinary and machine translation is absent. It is

unclear how is differed the mactskne translation from the ordinary, human

translation can possess a mass of deficiencies which can in principle be

absent from machine trans.atlon (for example the hypertrophy of the
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features of the individual style of a human translator in the translated

text, etc.). On the other hand, the"lsmoo'thness" of the grammatical

structure of human translation (even with its incomprehensibility) can

~, .1

influence the subjecti've evaluation of the. test subjects towards

overstatement. On the contraryg the roughness of grammatical structureq

peculiar to machine translationg but unusual to mang can sharply lower the

evaluation of transla~tion for hiis clarity.

In this way, none of the previlous works in the evaIuation of the

quality of translation can be recognized satisfactory in every respect.

Wýhen developing the procedure of the evaluation of the quality of the

translations of patent texts it was necessary to anew develop all

procedures of experilents, talking into account All that is rational, which

was proposed in the works of our predecessors.

The principl(.s placed as the basis for the procedure developed by us,

are reduced to the following: 1) the clear differentiation of three

Independent parameters of the' ieasurement of the quality of the

translation: the clarity of translation, correctness of the communication

of' the sense of original in translation and acceptability of translation as
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a whole; 2) the carrying cut of the experiments with texts which are

characterized only by some single type of distortions; 3) the absence in

the experiments of human translations; 4) the neutralization of the

factors, capable of distorting the real evaluation of translation; 5) the

utilization of the scales with the optimum scale of the gradation of

indicators; 6) the development of the positive establishment of the test

subjects for machine translaticn before the beginning of an experiment.

The parameters of the measurement of the quality of translation chosen

by us are differed by relative independence and the important aspects of

the translation characterize: its clarity, the faithfulness to the

ori~ginal and its acceptability. The clarity of translation is basic from

the evaluated parameters of the quality of translation. To measure it Is

possible according to the scales of the subjective evaluations of the"

clearness of the sense" of translation.

The second parameter of the evaluation of the quality of translation -

its faithfulness to the original - is in principle independent from the

first parameter. it is also measured on the basis of the subjective

*valuations of the test subjects.
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Finally, the third parameter - the acceptability of translation -- is

the derived from the first two. fn its measurement being accomplished 01 so

according to the icale of subjective evaluatiýnsq It is desirable to

refine, under which conditions the evaluated translation can prove to be

useful for the reader.

For our purposes the five-or-six-point scale of evaluations will be

most appropriate. it makes it possible to evaluate all the essential

gradations of the indicator being studied and possesses a sufficient degree

of generality (5). To evaluate the clarity of translation we use the

following scale of evaluations:

- the sense of the entire text is clear and it causes no doubts;

- the sense of a text is clear, however single sentences require some

reflections;

- only overall meaning of a text is clear;

- the overall meaning of a text is understood with difficulty;

- the sense of a text is absolutely unclear.

as a control procedure for the checking of evaluations the following

method is used by us. 7he test subjects underline the uncleL,- to them
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places of translation and copy a text, correcting the emphasized places of

translation.

The evaluation of the faithfulness of translation to original is also

produced by us according to the five-point scale of evaluations.

Evaluations are formulated in the form of these definitions:

- translation transmits very well tne sense of original;

- translation transmnits well the sense of original;

- translation in its largest part correctly transmits the sense of

original;

- translation in its largest part correctly transmits the sense of

original;

- translation in no way transmits the sense of original.

When evaluating the acceptability of translations to the test subjects

it is proposed to select one of the six versions of the answer:

1. I consider expedient the practical use of such translations in the

unedited form on the condition that the system of machine translation to

provide for the essential reduction of theo periods of the output of signal

Inforaation.
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2. 1 consider expedient the use of such translations under the

condition of a representation along with the translation of a draft.

3. I consider expedient the use of such translations under the

condition of a representation along with the translation of the original

text and draft.

4. 1 consider expedient the use of such translation3 after their

insignificant editing.

5. I consider expedient the use of such translations even after their

essential editing.

6. I consider inadvisable the use of such translations both in edited

and in the unedited form.

In the course of experiments in the evaluation of thc quality of

translations according to three proposed above parameters were used the

standard translations of the texts of the points of the patent formulas

fron the weekly of" official gazette", executed by the experimental system

of Anglo-Russian machine translation of QNIIPI by a computer" ural-4".

Since in these texts the different types of the errors of translation have

been presented in a composite form, it is difficult to judge as to what
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degree one or another type of error affects of translation. Týerefore in

one of the series of experiments in the evaluation of the quality of

translation - when evaluating the faithfulness of translation to original -

the supplemental procedure has been introduced which makes 'it possible to

judge as to what extent the different types of the errors of translation

have been presented in the evaluated text of translation. To the test

subjects It is proposed to underline in the text of translation the

incorrect translations of terms by two features, grammatical errors by a

AI

dotted line and stylistic errors - by a wavy line. This procedure does not

give, however, an answer to the question how influences one or another type

of error in translation into the general evaluation' of quality.

Therefore as text materials specially prepared semi-automatic

translations are used by us also. Each of these trans-lations is differed

only by one type of evaluation. In,experiments the semi-aptomnatic

translations of the following nature have been presented:

1) the word-by-word translation wit4 solved lexical and grammatical

polysemanticism;

2) the text with the correct transfer of tKj grammatical connections
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between words9 with the exception of the connections'between the components
I.I

of the nominal word combinations being transferred word-by-word;

3) the correctly translatfed text, but annotating in the case of the

lexical polysemanticism Qf all possible equivalents of the words of the

initial language;

4) the correctly translated textv but annotating in 'the cases of the

graummtical homonymy of all possible equivalents of the homonymous forms of

the initial language,

5) the correctly translated text, in which part of the words of the

initial language has not been transferredt but has ceen transliterated.

At the beginning of experi:ments the positive establishment of the test

subjects with respect to the machine translation was attained. For this to

the test subjects was explained tie purpose of works in machine

translation,, and also the need for ignoring when evaluating the translation

of its grammatical and stylistic correctness. The appropriate explanations

were Introduced into the text of interrogatory forms.

S' Our experiments were produced by ýtwo series. In the first series the

texts of semi-automatic and machine translation were presented to the test
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subject directly by experimenters. In the second series an experiment was

that the test subjects answered the form according to the evaluation of the

quality of translation externally, in this form the texts of

semi-automatic translation were not Jncluded, in it were piresented only the

texts translated by a computer. Form, was published in a periodical the"

questions of invention'19 1968, No. 5.

At the present time materials on the first series of experiments have

been obtained. On the second series of experiments material has been

processed partially/. .

In this way it is possible to inter, that to the greatest degree the

untranslated vocabulary and to the smallest degree - the destroyed

grammatical connections in part of the text make the quality of

'- translations worse. The unsolved grammatical and lexical homonyny wakes

the translation to a lesser degree worse. Consequently, in order to attain

the optimum quality of translation it is necessary under otherwise equal

conditions to provide for the system of machine translation with the full

dictionary, in which the entire vocabulary of the texts being translated is

included. The percentage of the words, not found in a dictionary, should
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remain at the lowest level. The translation, intelligible to the reader,

can provide for the comparatively simple algorithm which works on the basis

of a full dictionary. This is proved by the fact that the text of

word-by-word translation and the text of the translation with grammatical

agreement, obtained by a computer, have identical evaluations. Exponential

in this plan is the fact that the ignoring of the connections between the

components of nominal word combinations, and also unsolved grammatical

homonymy influence the quality of translation to the smallest degree.

Our conclusion in a somewhat different form has been repeated. With

the complication of the algorithms of the syntactic text analysis which

have as a goal the detection and the correct transfer of the grammatical

connections of the text of original, the degree of the clarity of the

translations being obtained substantially does not increase. For practical

purposes a simple algorithm is sufficient, but a full dictionary is

necessary. SUBJECT CODE 0.
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* ABTOMATTI3AUjT4 IIEPEBOAA
TEKCTOB

YAK 651.926:681.39

* ~O1REHKA KAqECTBA AMTMATHRECKOF IIEPEBO)AA

B. A. MOCKOBHq, C. M. BHUWHRKOBA

IUenblo pa6OmaI FiMReTCii onpaeneiteie r~pte.iema oro) H AO- nHpHLHnHUW flonioweHlfbie 13 OCHoBy p83pa&oTatuiofl HaMH me-
* fl~~nCTHmoro wKa'ecTea aoTomaTH4CcKoro nepeBAoa, paCC4IHTarnHor0 TO21HKH, CBOD.RTCR xC c~CAYi0ueCmy 1I) xieTlCoe pasrpatiHixeH~ie Tpex

K9K Ha fl0CT~eAaiCTHPOBalHHC. TUK H Ha nenocpeACTanHHoe pac- ,ie3aBHCHMbZX napameTpoB H3MepeHHR iKaqcCTsa ilepeBona. flOHST-
nOcRP=aHeHHe 6e3 nOCTpeAaKTHp,)eaHHR. Taxoro POna H~cCjieO- iiOCTH nepersona, npa8HJ~bHOCTH nePenaLIH CMb1C~a opxrRanaia B
BaHi~e HeO6XOAHMO IIpoBCCTH AJIR BhlxcHeHHR B03MO)KHOCTK flpaK- nepcinone H npmemiteMOCTH ncpeaona a Leicomi, 2) nposenern~e
71I~eCKaliCflO nJib3oBaHifl ic~nepHmeHTaJIbHbiX CHCTem 3BTOMaTH- 3KCI1CpHMEHTOB C rTUCTamit, XPapai(epH~yAOIUHXCR TOJIbICO ImaKH"-
tiecicara nepeBOAa (All) H AAR (lIOpMyAHPOBKH Tpe6OBaHNA X iiii6Yllb OJIHHM TIJIIOM Hc~aHKeHHA, 3) OTCYTCTBHe B uicneptimeti-
Ka'4eCTBy nePeBona, IXoTopbiA AO;iN~ei o6ecnet[HaaTbCfl ycaaep- TaX o6bI'IiilX nepeBoAzoB, 4) HeATpaAlH3aUIHR t~al(TOPOB mory~u~x
weitCTaosaHtiuMH BJarOPHTMaMH All. HCKa3HTb pea~ibHYIO 0UeHKy nepeBAoa; 6) I1HNCHweHHe tUK2I c

Bonipo 0 AonycrxldOM Katietrue aBTmaTamqeCioro nepeBASn OFlTHMP4ibiibiM MaCinTaboi rpaAaUHH nplf~flalloB., 6) Bbipa($OTKb
littMRTCR B iiacToiiute opemlI OnIHM H3 UteliTpahblilki Bonpocoil 00 ACHTeJ!LHoft YCTOHODKH HCnMThITMUX ht MaIwliti~oPmy nepeBolAY

mp0HH If flpKTHKH All, pcweiixe KaToporo 6yncT no mitoram A0( ii~'atiaa SKCnepUNHidTa.
CYIOCOd&TBDO$Th o6ocxoBaxiioMy nporHo3HPOBAHHI0 AaIb~eAWHX BLueneuiefiie HautH .apauerpm H3mepeHHR ,taqeCrna nepeao-
P:6O-r 0 STOA o6AaCTH. Aa OTT.HqasoTcg OTHOCHTtJ~LHOA He3BBH~tNC~hIoo H xapAK-TepH-

0 3VIOT nat*ioibe acneicTbi nepeaoia- ero i1OHflTHOCTb. BePHOCTb, OpH-
* rHHmany H ero lptieMiemoc-Tb IPoHRTHocTb nepeBOna iRBJReTCR c

0 HOSIiMM m3 outenHHaembix napame~pae KO'iCCTBB nepeitona. 143Me-

*Pe3ynbTaTU ')THX paOOT no oueiiKe Ka-ICCT~a nepenoita tic 1103- PHTbS ero MOWIHO nO Wxaiana cy6-bl(eTBHtuX CUCHOK CRCHOC1H
TI0JihIT ASTI, 'IeT~aro OTae~a iia nOCTailfeliibift B 3THX Pa6OaaX cmuCjias neptBonA.
00-100C. NaCKfIbxO41 YAOnAeT8OpHTe~lbHblM sI~aRCTLR aBToMaTllqe- Bronooh napauci-p OL~eif.H lxaqeCTBa nePCBDna -ero BepHOCTIS

CKHA nepeBoA, noilytaemiAbf B HatToRiUee apemfl? Ha aCH0aa3HiT 0pHrHHAJIY - qRCA~TCR B fl)IiHUHflC HC3SBHCHMbIM 07 nepuoro 118-
97HX PaISoT MOAHiO Cnellarb T0JIbICO TOT BL1BO2Z, 4T0 TeKCTU, aepe- pametfia. ON TaioKe H3MCtj1iCTCR Ha OCH08aHHH Cy6dCICTHl1bIXh~
De~tHilbe MAWHHOA, no BCeM XapaKTepHCTHlKaM YCrynaioT TCK- ouiCHOK HCfblUyeUtUX.
caau. flCpCBeflHHbUM qeliOBeKOM lialco-ieli. TPeTHfA napame~p - flpHeMJiCM0CTb flepeDona-

B3 CBR3H1 C 3THM BtABO2IOM OTMeTHM 1i3We iieC(Irnaclle c fipaK- qrinmlelifl 1poH38OfthcbaM OT ABYX nepibix. JlpH ero 113mepeCHH.

Ti9KyeMaA B3 ynOMRHYThIX BUIWC Hf n~Or,6HXi Hm pa6oTax npoiue. ocymueCTBDieMoM TaK~e 110 witanie cy6T.sCKTHBIIiX oKICHOK, xcCiu-
nvpofl npexbian~eivifi B OAHHiX H Tex me tkcnepxxteH~aX TCICCTOB, Te~ibHa YTIY1HHTh. fiPH KtaIHX YCJIOBHRX oIueHHBaemuII nepeOAn fin.
nieptBeeleHHbaX Jinflbmx, H TeKCTOR, nepeseaeiiHbIX malUJHH8UH~i. Re- weT oittZThCi nO~ie3ibIb qXHT8TeJliO.
'A0 It TOM, LiTo flpH OTCYTC'BHH nipen~apHTellbHok atplldyuHH ne- AARii Haii.Nx uenefl iaH46OAfe xinxOAXiA fliTH-IJCCT1H6a~fiJbHUIR
peeona K oflpe21~i Hii0MY KatiecrBCHHomly KiaaCCY TpyJIlIO CYAHTb, Wha8JI3 OUCHCIC.Oafl3JIC OLHDbBe ytCTHbe
0 TOM, LiTO fipeAcTaBsiRer Co60h Te~tT nCpe~B~a3. f10 LHX flop OiT- rP8aZ8UHH H3ylaemora flPH3iN8K8 H 06.1ianaerC flOCTaTo'HOA CTC-
C%'TCToyeT OCHOBa AA~R COnaCTaD;leIIHR Ka4eCTBCHHblX xapaKT~ePH- feliblO 06LU11OCTH [51. JIJ1R OUCIIKH ITOHRTHOCTH flepeaOna mu HC-
C1HK OfblqIHOrO H maaWHHHoro ilepesoaa. HeRcHo, qc~i OTAiHqaeT- no101113yem c~neitypotuyK) WKSJIy OUeHoIC:
CRl MaWHiHblA nepesoa O 07 6b14atto 0 6uqHbA nepvaoA moACCt - CMhICJI DICCrO TeXCTh RCeH H Ile Bb131IBaeT HHIC8KHX COMHC-

* o6jvaAaTb maccoA iieAOCraTKoB, IOTOPUe flpiiHunHflH8JibH Nary? iixA:
(OTC)TCTPD)BaTb B mawHitirm nepeone (Haipiapmep, rHnepTPOe)HI1 - cmubcn TeKCT3 IiCeiI, oAxaita OTne~ibHbic I1CAJ1oxiCCHH% 7pe-
'iPPr HiiflHB1H8AYb~ifli C-THJ1R tieAoRCKOaflePBOAqHKfl a flepene- 6V~nT IHeXOTOPNX paSmbiwneCHRA;
A1CilION TCKCTe if r1' a) C ApyroA cropoxid. cri3AnKOCmb3 rpaMMa- - flCeii TO~ibIO 06UJwfl CMuiSA TOCKCTa:
1`H1CI(KOrl CTPYKTYPI,2 06b1iiiflrt nepeBonA (Aa~ce npii era iieno. - CHIHRA CidhiJI TCKCTal IOHHM*ICTCX C TPYAOM:

* iltliflcH) NOW~T iotiuinrri.Tiia Cy6U.KrHBuyio 01tlieiKy HCflUTyI'. -- CMblCAi TCXCTA fl6COJIO0TI10 HeRCC-il.
mtJx a cropoily ?.Tw'weiHum oacic~iti. 1faOdopoT. iueCp0.0138onarIi 11 KIl4eCTBC XflIITpOqbHofl flpoueAvpm AAR11 nIPODCPK~i 01I010,
rpauuaTH'teucoA CYpyKTYPL4, coocBORCTgII{n MaWHHIIOMY llepeBOAY, IHa~iz I1PlimeHReTCW cAeAyIO~tuH 4 npxeii HenuTyemme noatcpici4-
Ho ieripHDA41fal tier~ocely, Molle? PC3ICO CiIH3HTh OUeCHI CY lpe- nabnT neiecilue Hid MeCC7 flCpCBO~fl H ilCpefIHCiB[iOT TtICCT. Well'
BOA&8 apm era floHRTkIOCrH. pRRJIRR flofliepicity-iAC mcCCB nepeiona.

Tak-,m of~ps3om, lix Oana H3 npeablAgywUX pa6or no OIkernte OuICHXS RePHOCTH nepevinna opifrtilHanV TaiNCe flpOu3n0A~HTCR
KaqecTna flepeBoAa 1iC MGH~eT 6tITb 11PH3H18118 Y2CBAeTBopxTCeib- iiaMH noflR7H6DaiAHofi iuiicani OlICHOK. OizeHICH i)0PMYJ1HPYIOTCH
iiof Do aCCx oTHoweiiHilx. flpm pa3pa6OTKCe meToAHXH OttCHIH 5 BHAie TBKHZ oflpCAeMHHA:
KDqelba~h nepeBOAOD fl8TCITiHN% TeKciOB Heo6XOAiiUO 6UiAO 3aH0B0 - nepesoA Oqexb XOPOWo nePeAsei- cmucA opnifiiana;
pa3pa6OTaTh seC ilpoueAYPblsid3c1mpitmeiTos, Y'IHT1,11AR BCC TO - nePeCe ox apowo flCetflaeT cmblcx 00111.1411118'
paAHaHaJIbHoe. 't iTOlptAJaraLioct s P8ISOT8X iiawxx 1IpeAWCCT - nepenDoA 5 dOnbweA cBOoe '18C-T flPS3H~flHO nepenaer
oeHHHKOB. CuiblCe 0W8RAA

- flCPebOA a 6ojiwiJCA caoeA nscTH Itp2BBHk;bR nepeWTe
C4MbCA aPnrRxafit;

- iiPeBOA CORepWeHHO He ilepeAaei' CUCIbICA aPiiranA3.

32 4119 C&P. 1 . 1 110 9YO AI1TOMATH3QNS IP HW OAA TIKCVWO
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ripm nueiwmc npmemnt!~MOCTH flepebojion ACnWITYeMMP4 npe~jiara.
evTsi Atjdpaml OnHII H3 IIIeCTH napxaxr08 oTieea*

I C14HTAIIO nerJcron(Sra3I1luM npaKrH~ieCKOC 14cnonhkAonaiIHe TR
MIX lx iiC~CD~O B iiCOTPe)aKT~fpoBaiIiiOM ameI fipH YCAOBHH, 'ITO
(HITCAPR 4111TOXM-lICCIoron iipenua o~cdne'lxTb (YLUCCTBeIlHo.! TaKuw Odp83OM MOflHii CAneaTb BiABOJI, 'ITO n inaHi~ojibweA1

(mHfameiic'ih rpIovo flifrly(Ka dHrilRnbiioA HuitopmauHI. cTeCiCHH YXYflWaM6T KalICCT8O flcpeEO2OO HenepencAciwas; JCKCHKa
2 C-iiramo Hc~rcon6paMiMtM mcnofib3ODaHHC TRKH~ix fepeBoAOp H 3 HaHmc~b~ueA CTeneliH- pa3pywcIluwe rpmS.4c~ call-

lipii vexai'r iipencianieilxA iiapRny c nepeDoAoM 'Iepte.4a 3H 11 48aCH TCKCTa. 1lepeuzenaR rpa.-4M3Tx'ecxasi H JieKCHqeCI~aR
3 C41~IT31 UcPlecO6pa3ibIMd. Hcnojib300axifC T&KHX niepeaownf COoHHiAHR yxyAwuaeT iiepezoA B mellbwefi cTeneiin C-neAoBareib-

Pp" yCn.oaHI; nprcnciaaeuixi Hap~iny c flCpeBofl.OM pHrHIJarnHoio 110, qTo6bI A06HTbCR OnTHMaJIbIIoro ha'IeTsa nepeeo~a iieofxonf-
TcxcTi ml qep~elKa. mo fipH scex rnpoqHx paRmmix yc~ioBx~lx o6ecne'Iwrb cxc~emy aB-

4. C'wlIoT1 uejiecoo6pS3HbIM HCIbOJib3OBaHHe Taxwx nepeBonon Touarnqecxoro neptso~a floabmw cnoBaem. B KoTopUIA SY.1lalei~a
nocaii mx me3'ia'qureAbNOZo peARSKrlpOB8HHfl. SCR Ae!XCIKa nepcSAoi~nuIX reXCTOS. HlpGC~HT C410B, He Ha~ftaH-

5 C'farrao ueaecoodpanUu mCnoAMBsoa~i~e MOM11 flePeBOAOB iIux B cAoBape. Ron)xeH OCiasaamCi Ha C8aMOM HH3KOM ypoBHe.
H nocne HX cyu4ecremmozo pertamfposamHR. flepesoo, nOHSiTHuIA qHiTI-rerno, MOH(CT o6eCflC'lHTb CpaBHHTeJ~bHO

6 C'rnTaio HeUnencoodpa3HbIM HCUIOJb3OB3H~e 18KHX nepebo. ?ieC"OxcHbA anuropHrM. pad~cwalOawA Ha ocHoBe nornworo cinonapst.
AoD xax 8 oTpeAaKTHpoDaHHOM, Tax H 13 HeOTpeAaK7MpoBaH~om 9To jloia3biaaeTCsI Tem, 'iTO TeCrC nocnioeHoro nepeaona H TeKCT
BAxe. nePeiiona c rpaMMa4TH4eCiHM cornaCOSSHHCm, noaiy'eHHblA Ha

B xone qIxtnepnileHToD no ouenx~e KaqeCTsa niepeBonoB no TpeM BIIBM. HmeiOT OAH~aKOBbie oueHKH, Floxa3aTelbnub. a 3701. 13)8-
iipeflJlo)PCHHbIM auiwe napam.eTpam 6bria Hcnlonb3OBaHbi CTBIIAapT- He I1BAReTCFI H TO. '470 HrHopHpOBBHHe CrRF3eA meKAy K~moP~HeH-
Hbie nepeaonu TexcTos nflxHTos naTeiITHUX (FOPHYA H43 e)Xxeneeaib- TaH HmeiHUmx cjioaocotieraHNAl a Tax)xe Hepaapewexnie rpam-
IIHKa (Ollicial Gazette*, abinoAjeHmbie 3XCnCpH'4CHTaJIbHfOA CH- xaui'ieCKof OMOHIIMHH BDiHSIIOT Ha xa'ieciao nepeBOfla D HainhICelt.-
c~euoft allro-pyccixoro aDTouaTHqeCKoro nepes('lAa IIHMIII Ha weA cTenenxf.
3LIBM cYpa,1-4. Tax XaK B 3iHx rexcrax pa?AH'IHue TrnW OLLI- IIOBOpHM HaLU DbIBOfl D HeCKOaIbxO niioA 4Oplve. C YCA'oX(He-
6ox nepeDona flPeACT8B~teHbi B KOMHA)CKCHO*1 Saxe. TpyAHO Cy- HKCM anropHTldOB CHHTaKCH4eCcK.ro aHBSAH3a TeCcTa, iIMe)OIIAH'
JIHTI C Trom. n3 KaKOff CTCI1CHH TOT HAN11 HHJA TIMl Oiii6KH o6yc- Uehibio OdHapYX9CCHHe H r.paBHJnbHyIO nepena'iy rpahm~aTHtICi~iI'
Jlo)MH0laPT Kawicyno nepcBona. nl9TO&Iy 8 0)1HOA M3 CCPt2A 9(C- CflN3CI TCXCTa opHrHH3.iB. CTefleHb 111i4ll7IIoCrT1O1~4CN noyiamixre
flCpHMCHTOB no otteme( KStieCTsa riCpeysOA8 -nfpH oiue~e nep- peflOAOR cyuieCTBCHHO Ilie BO3p8CTaeT. Rfimi IparKTimcCKH uejiefl
itocitf nzpenona npnrxnaiy -omcnieia gonOAHIHTeJlbllalT nipotejiy- AOCTJIT3'l[eH flPOCTOA aviroptnTM, Ho HCO6XOAHM nOnIIubA CiOUapI,
Pa1. flO3iiOARiO1laH CYAHTI, 0 TCM, 11 KOW'A Mepe P3311bIC THIIM OWN-
(Hlh iicpcBOna n1IWACT311J1CIIIA B OlijpoaaemiH TexCcr nepeaia.
HdnntTyexmu~ npeAJ~araIlTCR 11Ofl4CpKIIyTb B TeKcTC nepelona He.
flpammibHNC nepenoahl TepHI-I~iOD zy'4a 4lepTaD4H. rpaM~akT'iecxxe 0
OWx6xx DOJIIIHCTOR 4epToR It CTHnHCTHqeCKHC OWHOKH - 1lyHK-
THpHOFIl 'epTOA. SITa ripoueAYPa He AaCT, OAHaKO, oTBeTs Ha 3013-
POC, MX~ li)1HI8T TOT: HA HHOR1 T111 OUIH6KH nepeBOAS Ha o611ylo
oumNy kallcta~a.

T1O3%TOMY B 1xflieCTRP TeXCTOlbMX maTPH8JIAOD 148MH Hcilonb3o-
aMIN Ta3Ke crialCHibHo nonroTom~elimiue K8arnaBTOuarxqeCIH0

fle-80Au. Kaxg~nuA H43 g9THx nepeisonoB OTJIH'iaeTca TOJ~hKOOAIHHM
MOM30 CzteHKH. B mxneptimmleH x npeACl-aaeHm xBmsHaB~omafll-

'iecmHC nepeeonu cien4yiowero xapaxi-epa:
1) nocnomxiA nepe~on c pcennHOA jiexcieCKoh ii rpAMMSTH-

'leCKOA MnorO3HaqHoCTbiO;
2) TeKCT C npaBHimbHoA nepena'ieA rpaMMAT-xqecx~x causcA

MCNKAV CA0OBBII41. 33 l!CKjiIo'letme*ICM ca3eh melKAy CohmfonHyaTmH
HMeHHI~X cviosoco'miei'Al fepeBOAMmux nocaiosxo:

3) flp&B~llbHO nepeISNIMNb4 TCKrT, HO C npffBeAtHHeM b ciay.
'Ienc excxqecxoh MiIOro3114IMoTH M DCX 031402HL11 SXBBIWIM-
TOB CAiOf HCXOARiOrO 93blKa,

4) flp3a~H0 hfO epeAeneIM1IA TeKCT, HO c ripHBeAeHHtMB3CXT.
'IaRX rpAMMaTHtlcKoA OMOIIHMHH sccx 003OXCMOEbX sumemxanwos
OMOHHMH'JHUX 4"0M IICX01111WO RiUM8.

-5) ilpafiHAbfO 4ceopeBPACHHUR TCKCT, 5 KOITOPOIE 'lCTb CuOOD
HCXOAHOro RMAuiu He nepe~aoletia. A TpaRVtMITeplpOaaHl.

1( mataimy qxcnepxme~iiOO AOCTHrajiaCb I1ommiOXTeAb~as yeTs-
Hoema HcfnwTyemux no OT1IOWeHHIO x matummHomy flepevA0y. fAuS

MTrO HCflNITyCIIM pa3hflCIIRJlncb laHa'4eHme pa6or no uawxn-.
tiomy neptnony. a T8X04C He06%oAHMGCTb HrHOPHPOB8HHX n~pN
oueNxe neCCBam ero rpaNUATHIl~eCKOfl H P'rHnHCTHtICCXOft npaaiub.
11OCT14. C'oom~ercMYlotUe P331h1CH~iRf 6bM14 SaeAena 5 ieKc?
oflpocHbx s14'(T.

Hamn SKcI1pHMCHTu npOH3DOAHfAHCb J1BYMA cepHRmH. B nep-
B~OA CCPHH TCKC'rUt KB8SmanBwTOKmleCoro tf 05TOMaTH4tCKOIO ne-
penonA niemflamimiicb HcniblTeMbi1 HenOCptenCTaeIIHO 2XCnepil.
mCHrhiopmiN Bo B3TopoA CePHH gxciepHiae1T COCTOS)! 6 "Ma, 'ITO
Hmi4Cn~yemue o~iiea~imH a aiixerv no oueHxc Kba'ieCra nepesoxa
3820'l1O. D 9TY aiKeTy HCe Ammuimo~cb TeKCTU XuassxASwraumqc-
exoro nepeitona n ,ieA 6ubia npencraB~lcHM TOfiIbO 7?K6'TJ. Ile.
PelBeAtHHUC Ha DUBM Aince-ra 6bina onv~i~mommsa B ypH*aCt
4Bonpocu H3o6peTaTe~bCT9aD. 1W6. ?A 6.

K iiam-onwuemy dpculni nvAy'4em I8trrp14AN nio rreploh ce-
pM~ VKCnCVHMC11TOb flO 3TOPOiA CepflN gxCneflifl(431T Msyepllax

AUOA& TKAAYW 4m rMfCOAA TICION IITN .CEP. 2 m -i
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SECTION VI

SYSTRAN AND THE CONTROVERSY ABOUT THE
STATE OF THE ART

Dispute or controversy about the feasibility of machine

translation continues to manifest itself, despite the findings

of the 197C-1971 study effort of American linguists and despite

the findings of respected Soviet experts. The latest contribu-

tion to this controversy appeared in the December, 1971 issue

of the journal Science in the form of a letter to the editor

from H. W. Sinaiko.

The approach in this letter depends on the writer's offer

of statistics in the form of percentages of "errors" in MT --

percentages arrived at by the writer by some unexplained method.

The thrust of the letter is certainly negative, even though the

writer admits that "it would be unwise to conclude on a less-

than-optimistic note because of one set of observations." None-

theless, Sinaiko's opinion that the "differences between the

1964 and 1971 MT systems were found to be slight and not con-

sistently favoring one or the other system" is certainly a less

than optimistic answer to the writer's apparently rhetorical

question: "what have we gotten for our money?"

This brusque question is apparently not an inquiry of pro-

gress made in the state of the art, but a prelude to the negation

of progress in MT. As such, it deserves close examination.
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The first point made in the letter is that the same article

was translated by a 1964 MT system and by a 1971 system. The

article in question was a paper (to be read in Yugoslavia in

1964) written in English, and translated into Russian.

No mention is made of mistakes made by the human translator

in producing the Russian version. There were, however, errors

in the Russian translation--errors which detrimentally affected

the computer's retranslation into English. The futility of

such an exercise should be considered at this point. MT is de-

signed for practical purposes; it has neen developed to pro-

vide rapid and accurate translation of primarily scientific texts

for scientists who do not read the source language. It has not

been meant to serve as an academic merry-go-round of trans-

lingualism.
Nonetheless, if humans want to use MT for such academic

exercises, MT will serve, if the human-translation input is

grammatically and orthographically correct. Unfortunately, this

was not the case with the article in question.

Concrete evidence is offered here for the purpose of

pointing out the necessity for using genuine Russian material

in cases where the machine translation effort is to demonstrate

recompensation to the investor. It is also intended to sub-

stantiate the claim that SYSTRAN has been developed solely for

practical use.

The Sinaiko document was submitted to a native Russian,

Dr. P. F. Krasnopolsky, who on the basis of his long teaching
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experience in the United States, where he has been dealing

with both the Russian and the English languages, is well

qualified to judge the use of his native tongue and to deter-

min.e the instances where it is not used properly or where it

does not correspond to the standard literary language in which

a native Russian naturally expresses his thoughts on paper.

The discrepancies found by Dr. Krasnopolsky range from incorrect

use of Russian (perhaps due to insufficient grammar training),

to "Americanisms" and even Russian substandard expressions. For

a detailed analysis of the errors found in the Russian text

(sixty-five distinct and non-repetitive errors), see Appendix III.

In brief, most of the errors, inadequacies and inaccuracies

of the text indicate a poor knowledge of the Russian language.

In addition, the Russian text serves as an excellent example

of the types of errors human translators may make.

One of the most typical and unavoidable characteristics

of human translation is the inevitable tendency towards slight

semantic discrepancies. These are inevitable because the

human translator unconsciously carries to each text he trans-

lates his own prejudices and his own unique system of semantic

associations. This, rather than an inadequate knowledge of

Russian, may account for the translation from the English

"seemed to be . . . slow" (p. 4) into the Russian BYL MEDLEN

which means "was slow." Obviously, KAZALS4 MEDLENNYM ("seemed

* . . slow") should have been used to achieve a precise
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traAslatiin. Clearly, that something seems to be the case

does not logically imply that it is the case. Yet, in the

article in which this imprecise translation occurs, Sinaiko

states that, with human translators "meaning was preserved

with high fidelity." One can only conclude that this optimum

condition does not always hold.

Ironicall,, the 'abovementioned errors in the human-

produced Russian translation of Sinaiko's article actually

bear witnes's to SYSTRAN's sophistication in machine transla-

tion. Words wqich do not exist in the language cannot be

expected to be translated, disrupted syntactical structures

in the source language cannot yield normal sentences in the

target language, apd, above all, no computer can infer

anything ,during the structural analysis which is not explicitly

expressed in ,the input. If the input deviates from the

standard use of a language, updates must be carried out prior

to spinning the tape. Any such deviation' forced upon such an

operational system as SYSTRAN will jeopardize its capabilities

and will only produce adverse effects.

Sinaiko' chooseslas indices of translation efficiency

what he terms "characteristics of MT output," which are

"(i) untkanslated words and (ii) translated words that have
two or more p-ssi.ble mneazngs in the 'target language (English

in this case)." It is by the use of these indices that the

writer nullif,'es •,e progresb of MT: "The MT (1P64) translation
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contained 1.2 percent untranslated words and 6.3 percent

multiple meanings. The MT (1971) translation contained 2.3

percent untranslated words and 5.3 percent multiple meanings."

Unfortunately, he gives no indication of the miscellany

aggregate under the term "untranslated words." For example,

38 out of the 1,685 words in the text were not translated in

MT 1971; four were not translated because they were misspelled.

In other words, the computer correctly rejected human error.

Of the remaining 34 untranslated words, the following were

counted as untranslated more than once:

VVIDE (2)
NAXODILS4 (2)
TELEKONFERENQI4 (9)
KOLEBALAS6 (2)

At this point, two facts should be taken into account:

(1) as long as ?eople create new vocabulary items (e.g.,

TELEKONFERENQI4), dictionary updates will be required for

their translation. Fortunately, an MT system dictionary

can be updated incredibly quickly. (2, Words may remain

untranslated by a human translator if he is not equipped to

deal with terms in a specialized area. Just as a human trans-

lator expert in a specific field, e.g., thermody~iamics, is

sought to translate a paper in that field, so myst an MT system

be equipped by dictionary updates (and special provisions for

subject areas) to deal with current articles in specified

fields.
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SYSTRAN is equipped with ten Topical Glossaries to deal

with texts in special topical areas. (Telecommunication is

not one of these areas.) When it does encounter words it is

not equippe'd to translate, its Not-Found Word Program analyzes

the endings of these words so that the output can indicate the

part of speech and sentence function of the untranslated word,

In other words, the word does not remain simply "untranslated";

it is analyzed as far as this is possible in spite of the

absence of a translation equivalent.

Sinaiko's other index of translation efficiency, multiple

meanings, also requires a fair amount of discussion. First,

it must be pointed out that "multiple meanings", as he uses

the term, refers to the appearance in the translated output

of a series of words, separated by slashes, any one of which

may be chosen as a preferred translation equivalent by the

post-editor. In other words, this slashed entry format was

used as a convenience for post-editing. This type of trans-

lated outljut is initiated by Subject Code D, which is a

special utility of SYSTRAN, rather than an integral feature.

When Subject Code D is not selected, only one meaning, the

meaning appr7opriate to the context, will appear in the trans-

lated sentence. Other possible meanings for the homograph

appear at the end of each sentence in the hexadecimal printout.

Sinaiko also neglected to explain how he arrived at his

statistics (5.3 percent multiple meanings). Again, many
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occurrences of multiple meanings were counted more than once,

just as the untranslated words were counted more than once:

TRANSLATION/TRANSFER (27)
EXPERIMENT/EXPERIENCE (16)
CONNECTION/BOND/RELATION ( 9)
RATE/VELOCITY ( 8)
POSSIBILITY/CAPABILITY ( 4)
REACH/ATTAIN ( 4)
AREA/DOMAIN ( 2)
COMPRISE/CONSTITUTE ( 2)
DIRECTION/TREND ( 2)
SEVERAL/SOMEWHAT ( 2)

The letter contained two more observations about MT/1971

which further reflected Sinaiko's negative opinion of the

progress of MT:

(1) "each of the approximately 80 English sentences had

had some editorial modifications, most of them extensive";

(2) "the rate of post-translation editing was slightly

less than the rate of human translation."

He does not define "post-translation editing" nor "exten-

sive." Even the most fervid proponents of MT admit the MT

produces stylistically rough translations. Any sentient

editor, given a free hand, will be anxious to add these

stylistic corrections. Editing of this sort might have been

extensive, from Sinaiko's viewpoint, especially since the MT

trawdlation he saw in March, 1971, was carried out in the

midst of a scheduled improvement phase which lasted through

the following month. At that time, routines were being

rewritten and had not yet been checked out. For this reason,
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several L. S. compounds were not recognized, rearrangement

did not go into effect, and article insertion was suppressed.

in sum, the translation on which he bases his figures was

not produced by a fully operating system, but rather by a

temporarily disrupted system.

It is difficult to discuss post-editing time requirements

because there are various types of post-editing, requiring

greater and lesser amounts of time.

For example, a post-editor who checks translated oLtput

for clarity of expression in the target language makes very

few corrections, and those are only the ones he considers

rmost necessary, if he wishes to forward it to scientists to

be read immediately. If the need is less urgent, he may add

stylistic changes.

On the other hand, if the post-editor is a bilingual

checking the fidelity of the translated output to the source

text, then his editing will take at least as much time as

he would originally have needed to translate each sentence

himself, since he must actually translate the source text

to compare it to the target text. However, once a system

is in operation, this latter type of post-editing is usually

performed only on specific problems in specific sentences,

when these problems occur. The sentence by sentence compar-

ison will, of course, be done by the experts who develop the

system, as they continually improve MT.
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The focal point of this discussion is a paper written

in English by Sinaiko and anonymously translated into Russian.

Appendices I and II contain the original English text and

the translated Russian text. SYSTRAN's translation of the

Russian is given below. This translation was done in Decem-

ber, 1971. (Although this ttanslation was done inine (9),

months after the text Sinaiko analyzed, it should be logically

apparent that the progress made in MT between March and

December of 1971 could not exceed the progress made between

1964 and 1971.)

While Sinaiko's translated text makes quite clear the

time entailed in human translationi, since his letter to

Science implies the definite preferability of human transla-

tors, LATSEC, INC., employed a professional translator (who

has translated professionally from RUssian to English since

1963) to translate the same text .that was submitted to SYSTRAN.

The initial translation was done on a dictaphone and took

100 minutes. After it was typed, the translator then spent

15 minutes "post-editing" his own work. The material was

retyped, and then edited to achieve a smoother English text.

Three hours had elapsed since the material was first presented,

to the translator. Needless to say, SYSTRAN's translation

was accomplished within ininutes. Specifically, SYSTRAN

translation of this text took 22.52 seconds (CPU). HoweVer,

this is not an index of SYSTRAN's standard words-per-minute
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translation rate, since a tot~l dictionary look-up is neces-

sary, irrelevant of the size of the text and it was this look-

up whibh consumed most 6f the tim6 (11.65 seconds) for the

translation of this short text.,

There were 1,611 words in the text (disregarding

I punctuation and control wordý) translated by SYSTRAN. There-'

fore, SYSTRAN's CPU. translation rate for this text was 257,530

Russian words per hour.
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SUBJECT CODE 3. Experiments in the field of international

teleconferences. *

Kh. Wallace :-inaiko.

Introduction.

Teleconferences refer to the m.eetings of people who are located far

from one another and therefore must use any means for long-distance

communication. At teleconferences, who do not have common language can

also be the participants. This report sums up some experimental results

conducted in the field of the teleconferences which specially relate: a)

to the different technical methods of the oral and written translations,

capable of being requiring at international teleconferences; and b) to

teleconferences, that use the different means of communication. **

Sthe paper will be presented at the 15th international congress on applied
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psychology 2 - 8 August 1S64 in Ijubljana, Yugoslavia

** the more comprehensive study, into which these ixperiments entered, was

published G. bavelas and others in the monograph of the teleconference:

the summary of a preliminary study, IDA, study s-138,• oveinber 1963. Also

about the details of experiments see Kh, U. Sinaiko, the teleconference:

the preliminary experiments, the report IDA, p-108, :.ovenober 1963.

Linguistic experiments.

Background and method. Research on the existing materials gave no

indications that in order that in the past practical research on the

technical methods used would occur by translators and interpreters of

foreign languages. Therefore we conducted a number of experimental

observations for the measurement of some characteristic properties of

translation and interpretation. We used languages English and French,

because they predominate on international conferences and since the highly
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skilled linguists who knew both languages, they were available as

experimental subjects. The material which translators and interpreters

used, it was political in content: the published records of tte sessions

of the Security Council of united nations. During each experiment we noted

the productivity of the linguists from the point of view of Accuracy and

speed expressed by a number of words per minute. Accuracy was evaluated by

the judge-expert who used the criteria of the state department used during

the selecticn of the professional linguists.

Results.

We studied two basic linguistic methods and several of their versions.

The first experiments were connected with the generally accepted procedure

of full translation. Were used the groups of translatorsp some from French

to English, and others from English to French. One experiment was

dedicated to the measurement of the fuHl written translation being produced

in the normal way. The results showed, that for full translation much more

time was necessary, than for the actual session of united nations. 9 at the

session of united naticns for the delivery of speeches one hour of time was

necessary namely approximately, whereas our groups of translators spent
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3796 is watch to the full written French or English translation of these

same speeches. the full translation rate comprised on the average 594

words per minute. The accuracy of full translation was actually

Irreproachable: on the average it attained 97o/oa and among seven of each

of eight excerpts it waverd within the limits between 96o/o and 100o/o.

During another experiment we placed before the groups of translators

linguistic problems in reverse order, whereas normally in English-french

translators a native language is French, and the group of the translators

from French into the English language became accustomed to work only in

this direction. When for groups it was necessary to woak under uncommon

conditions, their accuracy was somewhat lowered, especially in those which

ba.ilcallv -ihey ;nnlr in E.inlish. (S ... th', s'-m, ,'1 o' t" tr nslat "

excerpts was small, in this experiment were not calculated the speeds of

translations; however, It is possible to say, that the condition the"

reverse linguistic problem" had a tendency to slow down the work of

translators. ).

Was also produced the final, but short experiment which was concerning

the technical methods of full written translatibn. We charged to groups to
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translate back into the initial language the samples of the already

translated excerpts. Groups worked in the direction of the languages

preferred by them. Accuracy was very hiyh: it attained 96-100o/o.

Numbers of words per minute were not calculated, but reverse translation

into the French language required less time, than the initial translation

into English; analogous reverse translation into English was slower than

the translation from English into French.

Since for teleconferences the ordinary method of a w.ritten translation

was inadmissibly slow, we developed a new technical method. it could be

used in teleconferences, where the teletype was as the means of

communication* We called this method" visual translation". it is produced

by a linguist who reads in one language being obtained informalion and

simultaneously dictating the his translation to a typist on a typewriter.

Were produced three experiments on visual translation, similar to the those

that were used in full written translation, as objects we used oral

professional translators, but not written, because this method is based on

speed and rapid memorization. The records of the Security Council of

united nations were transmittedg both in French and in the English language
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with the aid of the teletype equipment at a rate of 60 words per minute.

The first experiment on visual translation showed, that it is much

faster than full written translation. For the translation of the one-hour

session of united nations it was required 9v7 is watch (21 words per

minute). Accuracy was very high: on the average it attained 94o/o, and in

two thirds of the total number cf excerpts it waverd between 96o/o and

000o/o.

During another experiment we placed before visual translators a

reverse linguistic problem. The participating translators said previously,

that they will have the bad productivity which will be expressed in a lower

speed and the larger number of errors. So it happened: the average

accuracy of an American translator was only 84o/ot but of born in France

92o/o. However, the speed of work was lowered only in one translator;

another, born in France, translated to the English language just as rapidly

as to French.

Finally we conducted one additional short experiment, using visual

translation for the reverse translation of material into its initial

language. Accuracy was just as high, no in the first experiment on this
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type translation. Although the sense was completely preserved, however,

not all reversely translated wcrds were expressed identicai'y with their

initial form. Among interesting English examples it is possible to

mention, that" terrible" became" howling"," shakin.g" was made" waveingI,

and" to allcw dtscussicn" was turned into" to permit debates". Relative to

the speed of reverse visual translation we do not have data.

The test of the means of telecommunication.'

Background.

We conducted a number of ccnferences with the participation of the

groups of four and the penta of the man who were located far from one

another and had to communicate with the aid of teletype, telephone and in

only one instance televisions. With the exception of the television

experiment, before conferences was placed the problem to conduct

negotiations. The participants conducted the game, during which they 'had

to distribute resources among the group, united by the general purpose, as,

for instance, a union, but to every object were given different secret

instructions. Every conference was conducted within the framework of some
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urgjencyý. ij e. it 'was necessary to fulfill the group goal in the shortest

pbssibl~e pev'idd.

Among fourteen teledonf..rences which we conductedp there was not one

ideiitical from the viewpoint of language, !structure of the network or

cha;irman's respons~ibillities. At some conf.erences were networks" with a

party line" or open: each infcrmatlon being sent by an individual

partIicipant, was obtained by a).l others* Some networks were strongly

centralized, where theF participant of conferences could turn not to all
I I

othprst but only to one or to two of them. At' some sessions the chairmen
, k

were,1 but not in all cases. We conducted several teleconferences with the

: I
group, in which one person spoke only in French, so that it was necessary

Is I
to use a t'ranslator. For the purpose of training we had also several

conferences, at which all participants were present face to face.

I-I
Reaul ts.

The participants of conferences preferred to negotiate with the aid of

the most Impersonal means of communication. Teletype was the favored

method of'the conducting of negotiations, and by least popular conferences

Were face to, face. A television and a telephonre were acknowledged by the
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intermediates between these extremes. The participants of conferences

saidg that they have a possibility of manifesting much greater

intractability• using teletype, than with all other methods.

For the conducting of negotiations at teleconferences teletype allowed

the determined advantages single in its kind. First, it was very useful to

have a printed record of all informations. In the second place, the need

for composing informations for a transfer on teletype assigned on the

participants of conferences a known discipline, which does not always

relate to direct conversational cowmunication. (However, despite the more

compressed language, accepted at teletype conferencesq at these conferences

of agreement they were attained much more slow, than at sessions face to

face or on a telephone). Thirdly, on some teletype networks there was the

present possibilityj of a bilateral and simultaneous transfer (for example A

could send an information to v at the same time that to the v it sent its

notice to A). This possibility had advantages as compared Ith the other

methodst but it also created ccnfusiong disrupting the normal sequence of

negotiations. Fourthly, in the case of the centrslized teletype network

the picture which indicated the great potential power of its chairman was
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obtained. it had an ab3olute control over who with whonm was found in

telecormunicationg and at its station could edit the passed informations,

them detain or change crder. Fifthly, since teletype does not have a

mechanism for feedback for the checking the fact that an addressee actually

obtained or understood sent to It an information, that for the achievement

of this it is necessary to use a supplemental procedure. In the

negotiations with the aid of the oral communication if confirmation they

are transmitted in the form short answers; at sessions the non-verbal

confirmations in the form of the mimicry or gestures are face to face also.

Sixthlyt a skillful translator was able bilaterally to visually translate

teletype Informations (from English to French and vice versa), which

corrected the disadvantageous position of the non-English-speaking

participant of confererice as ccmpared with others, that led negotiations in

the English languaqe. Finally, it is necessary to note, that at the

teleconferences equipped both teletype and by telephone communication, the

C

participants rarely used the latter.

Our short experiment on the utilization of a teluut.ion at conferences

detected no special advantages in the fact that the persons the leading
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negotiations and far away, can see being located each other. On the

contrary, in the opinicn of the participants of these sessions their own

mimicry and the other non-verbal manifsstations only contribute the delay

of the work of conferencet having distracted the attention of" viewers. The

participants of conference also did not approve of the television

equipmentt in which they could see not only thoseq with wnom they led an

interview, but also themselves.

Conclusion.

In the coring years will he reached the large technical successes

which will permit the groups cf the far being located peoFle to confer With

each other. In order to make such teleconferences effective, it is

necessary to learn much which concerns how to use these technical

capabilities with the greatest benefit for humanity. We represented a

resume about the last preliminary experiments relating to two little

studied factors in connection with tie conferences at a distance, namely:

to the linguistic profession and means ot communication. The just now

obtained experimental resu;ts which were here mentionedt they can be as
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guiding landmarks for the those for whom in the near future it is necessary

to develop the procedures of teleconferences. Furthermore, we think, that

we succeeded in visually confirming the p'racticability of the experiments

dedicdted to the variable amounts of teleconferences. we hope, that the

other interested ucenye-bixevicristy will study by the~se problems tied with

them. It is completely possible, that on one fine day such a aeeting, as

today international congress, will be conducted in the fornm teleconference

and each of us will sit at Its writing desk in its own country.
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SECTION VII

SYSTRAN'S POSITION

A grammar can be used to teach languages or to -analyze

them. The use of a machine grammar for translation has one

main goal: to free the human intellect from tedious, mechani-

cal chores in order that it may pursue its proper vocation--

creativity.

The purpose of scientific and technical translation is to
4b

facilitate the rapid transmittal of new developments in human

knowledge from one country or one culture to another. Uniform

translation overcomes language barriers and individual idio-

syncratic preconceptions. Because of this, it can be a valu-

able contributor to mutual understanding and an impetus to

mutual aid in development through the sharing of ideas. These

two conditions are probably among'the most important pre-

requisites to world peace.

Uniform translation can best be achieved by machine

rather than by humans for several reasons. First, a computer

has no "native" language. It can translate equally-well from

language A to language B, from B to A, or from X to Z. Second,

a computer has no preconceptions or cultural biases regarding

any language it Jeals with, or regarding the people who speak

the language. Third, it hasn't the educational limits of

humans. It can store almost unlimited information from any
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number of subject fields.

These three factors must inevitably play a large part in

producing unambiguous information, free from bias, prejudice

or preconception. A grammar which is instrumental in; producing

unambiguous information by overcoming language barriers can be

regarded as a definitively positive asset:in language science.

Such a grammar is the SYSTRAN grammar.

SYSTRAN, like any grammatical theory, must .be tested'for

adequacy!. If it does not adequately account for the phenomenaII

it purports to, it should be modified or discarded. Many lin-
• ~guists have apparently decided that the most efficient way to;

test a grammar is to use computers (cf. Woods, Kuno,'Hays, etc.).

The unbiased computer provides the best evaluation of a

grammar because it blindly carries out any and all operations

specified or allowed by-the grammar, delivering up, in its

output, all possible con-sequences of the' theory programmed

into .it. The computer is the presiding master of logic.

SYSTRAN was designed to be used by the cbmputer. for trans-

lation purposes. Therefore, it is~a recognition grammar.: As

it is used again and again for computer translations, it is

constantly'tested for its adequacy in accurately transmitting

informatiQn from Russian, to English with fidelity and intelli-

gibility. As a result of this constant testing, SYSTRAN is

contiAuously modified and improved.

SYSTRAN, as an automatic recognition grammar designed

specifically for coMputet use, must be supplied with a

113



sufficient number of well-orcanized grammatical and semantic

codes in order that it may carry out its function. These

codes must be designed in response to the capabilities and

requirements of the computer.

The most obvious example of grammatical coding specifical-

ly designed for the computer is SYSTRAN's approach to part of

speech categorization. SYSTRAN has two major divisions:

primary parts of speech and secondary parts of speech. Primary

and secondary part of speech assignment is oriented towards

the fullest utilization of the categorization. For example, the

Russian pronouns EGO, EE, and IX function either as personal

pronouns or as possessive pronouns. In many instances the

three function in the same way in the source language. There-

fore, their primary part of speech (POS) is POS78.

When the target language equivalent is chosen, it becomes

necessary to specify which 6f the three is to be translated.

For this purpose, secondary (BPQ) parts of speech are assigned

(7B=EE, 7C-EGO, 7D=IX).

The design of the SYSTRAN grammar also allows codes to

express special types of relationships extending over several

clauses. For example, the ESLI-TO or KOGDA-TO logical relation-

ship can be coded. If this were implemented, when SYSTRAN

encountered either a ESLI or KOGDA clause, it would simultan--

* eously be alerted to expect a TO clause later in the sentence.

It then could use this type of information in establishing

clause levels within the sentence discussed earlier in this
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report (II, "A Comparison of Human and SYSTRAN Parsing").

These codes, if implemented, could have shown that the ESLI

clause is logically related to the preceding clause in the

sentence quoted from Iordanskaja (see Figures 3 and 4). In

implementing codes of this sort, it first must be determined

what linguistic analysis is most appropriate. For example,

in this case, the linguistic analysis must determine if ESLI

is logically related to the preceding predicate in the KOTOROE

clause, or if its relationship is with the main clause.

The point to be made here is that SYSTRAN is ready to

devise and implement codes of this sort, as soon as SYSTRAN's

data gathering feature compiles a sufficient number of sentences

to allow all these and similar problems to be solved. These

data can then be analyzed by persons trained in SYSTRAN grammar

I concepts. The result of the analysis can be incorporated into

o I SYSTRAN, thereby further improving the System.
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SECTION VIII

THE FUTURE OF MACHINE TRANSLATION

As recently as 1964, Eugene Nida remarked that "despite

the enormous storage capacity in modern computers, they are

nevetheless incredibly less complicated than the human brain,

which has approximately 1014 cells."'I In equating complexity

with the number of cells in the human brain, Nida implied that

the computer was less complex because it had fewer "cells."

Less than a decade later, a 1971 prognostication of the develop-

ment of the computer predicted "radical changes . . . in the

area of mass storage technology. Whichever methods--lasers,

holography, magnetic bubbles, etc.--are used, they promise

greater access speeds and vast storage capacities--as great as

1013 or 1014 bits.''2

In effect, computers will soon have memory capacities

equivalent to those of the human brain. Such an eventuality

requires system designs able to make the most efficient use of

the resources soon to be at our disposal. SYSTRAN's open-ended

design anticipates these developments.

1 Eugene A. Nida, Toward a Science of Translating, Leiden,
1964, p. 263.

2"A Quarter Century Look Ahead at the Computer," Communica-

tions of the ACM, Vol. 14, No. 9, Sept., 1971, p. 615.
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In the following, a few examples will be given to show how

the SYSTRAN concept can use such expanded memory capacities to

improve the quality of machine translation. This concept has

already been proven to be valid not only for Russian-English

translation but for translation between other source and target

languages.

The first step will be the development of a much more

detailed topical glossarization of the individual entry level

and of the compound level. The compound concept will be expand-

ed to include interrupted compounds, thus taking into considera-

tion the mutual interlocking influence of several words irre-

levant of the position of occurrence.

Presently, an operationally oriented semantic categorization

is being developed within SYSTRAN. Such categorization makes it

possible to introduce general types of multiple-meaning resolu-

tions by determining how semantic categories carry out their

influence within definable syntactic connections. In the follow-

ing sentence segments, the verb RASTI occurs with two different

meanings: INCREASE and GROW. The choice of either meaning is

dependent upon the subject's carrying semantic code: "animate."

In the first example, the subject TEMPERATURA does not have the

"animate" code; consequently the translation is INCREASE. In

the second example, the subject BAKTERII carries the "animate"

code; therefore the translation is GROW.

(a) . . . A TEMPERATURA GAZA BYSTRO RASTET PRI
UVELICENII SKOROSTI.
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BUT THE TEMPERATURE OF THE GAS RAPIDLY
INCREASES AT THE INCREASE OF VELOCITY.

(b) . . . I OKRUJAH5EI SREDY, V KOTOROI RASTUT
BAKTERII . . .

AND OF SURROUNDING MEDIUM, IN WHICH
BACTERIA GROW . . .

The SYSTRAN dictionary system can accomodate, in variable

length format after every dictionary entry, up to 2,048

semantic codes, expressing similar types of semantic categori-

zation. In addition to recognizing and using semantic cate-

gories for multiple meaning resolution, SYSTRAN also makes use

of contextual information and has inherent capabilities for

resolving semantic ambiguities on the contextual level. A

typical example of SYSTRAN's ability to retain contextual in-

formation is the retention of human and animate codes after each

sentence is analyzed.

Such codes are retained for the last sentence's subject or

for its last object--or for a pronoun if it occurred at the end

of the sentence. The code is placed into analysis area. This

area is available before the main analysis of the sentence. If

it is needed, the information in the 160 bytes reserved for a

hypothetical zero word is not cleared when a new sentence analy-

sis begins. The indication not to clear the information in these

bytes is given by the "remembering" routine whenever there is a

necessity to transfer information from one sentence into another.

With the help of this contextual feature, SYSTRAN can easily

decide that, in a specific sentence with two identical
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pronouns, one EE refers to an inanimate noun, and that its

translation should be ITS, while the second pronoun should be

HER.

Once a pronoun has occurred, and semantic codes from its

noun antecedent have been transferred to it, this pronoun can

serve as an originator for these memory codes.

SYSTRAN is also open for the introduction of a systematic

remembering feature for nouns in order to improve the selection

of definite articles during translation. Each time a new noun

occurs with an article, it will be remembered. In addition, a

renambering count can be introduced, which will allow the estab-

lishment of "weighting" criteria. In other words, previous

occurrences of nouns under analysis can be "remembered" to

determine how often it occurred with definite articles and how

often it occurred with indefinite articles, or without articles.

To further contextual analysis, SYSTRAN can easily be modi-

fied to retain whole paragraphs or even larger text segments in

the high speed memory in computer analyzed form. With only

150,000 bytes of additional core, up to 50 sentences can be kept

in the memory where there is immediate access to every dic-

tionary code in the source or target language. Moreover, each

word in these fifty sentences would carry its codes in the

computer intermediate language.

The following examples demonstrate the sorts of distinctions

SYSTRAN is potentially able to make in choosing an appropriate
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translation out of several possible meanings for a given lexical

i t(em:

ESTESTVENNO ZAKLHCIT6, CTO SLOl NA VENERE SOSTOIT
IZ LED4NYX CASTIQ

ZAKLHCIT6 = CONCLUDE

DIAPAZON PERIODOV MORSKIX VOLN ZAKLHCEN MEJDU 8 1
12 SEK

ZAKLHCITS = INCLUDE

VYDELENNYE NAMI PARAMETRY IZMERENI4 KACESTVA PEREVODA
OTLICAHTS4 OTNOSITEL6NO1 NEZAVISIMOST6H

VYDELENNY1 = SELECTED

RASSMATRIVAETS4 PROBLEMA PROISXOJDENI4 PRODOL6NYX VOLN,
VYDELENNYX RANEE V MIKROSE1SMAX TIXIX RA10NOV SSSR

VYDELENNYX = PICKED UP

TEPLOTA VYDELENNA4 V 4DERNOM VZRYVE NAMNOGO BOL6WE CEM
3KVIVALENTNA4 TEPLOTA VSEX GIDR03LEKTRICESKIX STANQ11

I VYDELENNA4 =RELEASED
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EXPERIMENTS IN INTERNATIONAL
TELECONFERENCING*

H. Wallace Sinaiko

Introduction

Teleconferencing refers to meetings among people who are

remote from one another and, therefore, must use some means of

telecommunication. There may also be some participants in tele-

conferences who do not all share a common language. This re-

port summarizes some of the results of experiments on tele-

conferencing, particularly those having to do with: a) various

language interpretation and translation techniques that might

be required in international teleconferencing? and, b) tele-

conferences using different media of communication.**

Language Experiments

Background and Method. Background studies failed to show

any previous experimental research on the techniques used by

language translators or interpreters. Therefore, we ran a

series of pilot studies to measure some attributes of transla-

tion and interpretation. We used English and French because

*Paper to be presented at SV Internaticial Congress of Applied
Psychology, August 2 - 8, 1964; Ljubljana, Yugoslavia.

** The larger study of which these experiments were a part has
been published in A. Bavelas, et al Teleconferencin: of
a Preliminary Study, IDA Study--f-38, NT9,ember'1963. Also for
more detail on the exper.ments see H. W. Sinaiko, Teleconferenc-
ji: Preliminary Experiments, IDA Research Paper, P-169;
November 1963.
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4
of the prominence of these languages in international conferen-

ces and because highly skilled linguists who knew both languages

were readily available as experimental subjects. The material

handled by the translators and interpreters was political in

content: published minutes of United Nations Security Council

meetings, In each of the experiments we scored performance of

the linguists for speed -- expressed below as a words-per-

minute rate -- and accuracy. Accuracy was rated by a single

expert judge who followed the Department of State criteria used

to select professional linguists.

Results. We studied two basic language techniques and

several variations of each. The first experiments were con-

cerned with conventional, full translation techniques. Teams

of translators were used -- one doing French-to-English and the

other English-to-French. One experiment was intended to measure

full translation as it is done traditionally. Results showed

that the time required to do full translation was very much

longer than the criginal UN meeting. That is, in the UN meet-

ing the speeches were delivered in about one hour; our transla-

tion teams spent 37.6 hours to fully translate the same speeches

into written French or English. The full translation rate aver-

aged 5.4 words per minute. The accuracy of full translation was

virtually perfect: average ratings were 97% and seven-eighths

of all passages were scored between 96% and 100%.

In another language experiment we reversed the target lan-

guages of th'-i translation teams. That is, the English-to-French
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team had translators for whom French was the native tongue and

the French-to-English team was accustomed to working only in

that direction. When the teams were required to work in these

unaccustomed directions there was some loss of accuracy, parti-

cularly for the English-speaking team. (Because the sample of

passages translated was small, no translation rates were com-

puted for this experiment; we can report, however, that the

"reversed target language" condition tended to slow down the

translators.)

A final brief experiment was done with the full translation

technique. We had the teams re-translate back into the original

languages samples of already-translated passages. Teams worked

in the direction of their preferred target languages. Accuracy

was very high: all passages were scored 96% to 100%. No word

rates were computed but re-translation back into French took

less time than the original translation into English; similarly,

retranslation back into English was slower than the English to

French translations.

Because conventional full translation seemed to be un-

acceptably slow for teleconferences in which the medium of

communication between participants was teletype. We have called

the technique "sight translation." It is done by a linguist

who reads an incoming message in one language and dictates a

simultaneous translation to a typist. Tnree experiments, paral-

leling those for the full translation technique, were done on

sight translation. We used professional interpreters as
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subjects rather than translators because the technique empha-

sizes speed and short term memory'. The UN SecurityCouncil

minutes were transmitted via 60-word-per-minute teletype equip-

ment, both in French and English.

The first experiment on sight translation showed it to

be much faster than full translation. The one 4our UN meeting

required 9.7 hours to be translated (21 words per minute).

Accuracy was very high: the average score was 94% and two-

thirds of all passages were rated 96% to 100%.

We reversed the target languages of the sight translators

in another experiment. The interpreter-subjects themselves

predicted that they would perform poorly in terms of slower

rates and more errors. This was, in fact, what happened:

average accuracy scores were 84% and 92% for the American and

native French interpreter, respectively. However, translation

rates went down only in the case of one interpreter; the other--

the native French subject--worked as fast into English as he

had into French.

Finally, we conducted one short experiment using sight

translation to re-translate material back into its original

language. Accuracy scores were as high as in the first sight

translation experiment. Although meaning was preserved with

high fidelity, not all words were re-translated into their

original identical form. Some interesting English examples

of these changes are: "flagrant" became "blatant," "tottering"

became "vacillating," and "to allow discussion" became "to
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permit debate." We have no data on the speed of-sight.re-

tr-anslation.

Telecommunications Media Experiments

B~ckground. j We ran a series of conferences among g roups

of four and five people who were remote from one another and

who had to communicate using teletype, telephone, or, in one

case, television. With thie exception of television, these
conferences involved a negotiation task. Participants played

Sa game in which they had to allocate resources to a common

group goal, as in an alliance, but with individual differences

in the secret instructions givenito each subject. Each confer-

ence was conducted with'some'ur..',ij; that is, the group goal

was to be met as soon as .)ssible.

In the fourteeri .,,econferenQes we ran no two were identi-

cal in terms of ne-wo ik structure, chairmanship role, or lan-

guage. Some conferences had a "party-'line" or open network:

every message sent by a participant was received by all the

others. Some networks were highly centralized and permitted

a conferee to address himself to one or two, but not all, of

týhe others. There were conference chairmen in some meetings

but not all. We ran several teleconferences with one French-

speaking subject in the group so that an, interpreter had to

be used. We also ran a few face-to-face practice conferences.
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Results. Conferees preferred to bargain using the most

impersonal communications medium. Teletype was most preferred

as a negotiation medium and face-to-face meetings were least

popular. Television and telephone were assessed as between

these extremes. Conferees said they could take much tougher

positions us ing the teletype than with any of the other tech-

niques.

Teletype offered certain unique advantages to negotiation

teleconferences. First, the accumulated printed record of all

messages was useful. Second, the need to compose messages for

teletype transmission imposed a discipline on the conferees

not necessary in direct voice communication. (However, in

spite of the generally more terse language used in the tele-

type conferences, these meetings were much slower in reaching

solutions than the face-to-face or telephone meetings.) Third,

some teletype networks provided true, two-way simultaneous

transmission (e.g., A could send a message to B at the same time

B was sending a message to A). This capability was an advantage

over other media but it also created confusion by disturbing

the normal sequence of bargaining. Fourth, the presence of a

chairman in a centralized teletype network demonstrated the

tremendous potential power of such an individual. Teletype

chairmen had absolute control over who communicated with whom;

the chairmen could also edit, delete, or change the sequence

of messages going through their stations. Fifth, because

teletype has no built-in feedback mechanism to insure
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that the addressee of a message has actually received or under-

stood what was sent to him, this must be done procedurally.

Acknowledgments in voice-mediated discussions are easily trans-

mitted by brief answers; face-to-face meetings also include non-

verbal acknowledgments such as facial expressions or gestures.

Sixth, a skillful interpreter was able to handle two-way sight

translations of teletype messages (English-to-French and vice

versa) which put a non-English-speaking conferee at no obvious

disadvantage from other conferees who negotiated in English.

Finally, in teleconferences with both teletype and telephone

available to them, conferees rarely used the telephone facili-

ties.

Our brief experience with television as a conference medium

showed no particular advantage in having remote negotiators see

each other. On the contrary, the participants in this meeting

felt that their own facial expressions or other non-verbal

behavior might have hurt the progress of the session by dis-

tracting the viewer. Also, the conferees did not like a

television arrangement in which they could see themselves as

well as the other parties with whom them were talking.

Conclusion

The next few years will bring great technical advances

enabling groups of people who are physically remote to confer

Swith )ne another. If such teleconferences are to be effective
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a good deal needs to be learned about how to arrange such

technical capabilities for optimum human use. We have summar-

ized some results of recent preliminary experiments on two

areas about which little is known in the context of remote

conferencing: language services and communications media. The

immediate tentative results reported here might provide some

guides to people who have to arrange teleconference procedures

in the near future. Beyond this, we believe we have demonstrat-

ed the feasibility of experimentation on teleconferencing

variables. We hope that other interested behavioral scientists

will address themselves toward these and related problems. It

is not inconceivable that some day a meeting, such as today's

International Congress, will be conducted as a teleconference

with each of us in his own country at his own desk.
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MU~bTH B OBJIACTH iMHAMPOAMEK1

TEJIECOBEUilAHH1'

X. Yoauxec CxHalhco

TexecoBeu~aHHJI xmM~T OTHomeHxe X BCTpetgam ziooege, K0Tophie

HaXOAJIiTCR B~~JIH .gp1 OT .Apyra MH fOOTOMy A1OZJKHbl flOXB3OBaTBCA

xaXHMH-TO CpeAgCTBamm Ax AaxbHeig CBJI3H. Ha Te3IeK0Hc~epeHIuH)x

moryT Taxwie oxa~aamcR y'qSCTHHHH, He HmeM~UHe o~jero RabiKa. DTOT

1AoKiaA~ pe~iomHpyeT HeKOT0pbie peayAlLTaTI onblbTOB, npoBe~geHbI~bX B

o6zaCTH TeJxeCOMe~aHiml, N0T0pbie CniX~HaJIiHO OTHOCFITCJI:

a/ x pa3xHM.HbIM TeXHHmeCxHm meTo.nam YCTHbLC H flHcbmeHHbix nepeBo.1OB,

moryIIqHx, n0Ha4Io6HTBCJI Ha me*AyHapoAHBIX TeeOeaHx H B/ 0

K TexeKoHcPepeHqtHRm, noxb3yioqII cHCJ pa3JiHmHbimH cpe.1CTBamH CBZ3H.

Aoa 6y~ze'r npeAICTaBxeH Ha 15-om MezzAyHapoAgHOM KoHrpecce no

[IpHxxaiA4HOR 1 cixomormi 2 - 8 ABryCTa 19054 r. ;, Jhio6AHe, IOrocJzaBHH4.

00o~oee no~npo6Hoe HccAeAgoBaHHe, B K0T0p0e B0MXH 3TH oflbIT.I, 6bJAO

OUy6AHicOBaHo r. BaBenac H Ap B MOHorpacI3HH TexeCOBemaHHH:

Peswome nPeAtBaPHTexbHoro HccxegIOBaHHq, IDA , 14CcJxeJABaHHe

s - 138, HoJR6pb 1963 r. Tamve 0 HOAp06HOCTJRX OnWbTOB CM. X. Y.

CH'iaflxo, Texe~cOBenMaHwH: InpeABaPHTe~bHLae o1bTbIlI, .gomua4 IDA,

p -108, HoR6pb 1963 r.



AHHrBHCTHxieCKHe OflBITb!

flpe~unoCbIJIKH xMeTOII. 143ymeHxe cyeTYOH maTepHzajOB He .aiano

HXKa1CHx yxa3aHxf Ha TO, qTo6b! B IIpomxlom npoHcxoHAmo flpaKTHqecxoe

z3yqeHxe TexHHqecKHx meTOIiOB, npzmHMHiiembix IHcbmeHHbimH H YCTHbIMH

nepeBO.1q~HxamH XHOCTpaHHbIX i13b11(OB. flo3-omy mbi flpOBeJH pR.1 onMhTHBIX

Ha6mA~oeHxft AAR HSmeHeHzR HeKOTOpb!X xapaKTepHbix oco6eHHOCTeR

nxHCbmeHHoro H YCTHoro nepeBo~ga. Mbi nioxb3OBaJIiCb JI3bl~amH allrJIH~c-

KHM H qppaHuIy3cKXM, flOTOMY 'ITO oHH flpeoGzAaIgaOT Ha me~K~yHapOAHbLX

xo~eeg~ H T.K. BbCKKai~~zOa~i JIHHrBXCTBI, 3HaBmHHe

o6a HRbixa, 6BIAH B HauleM panp)eH B KaqeOTBe aICCnepHmeHTaxbHbiC

o6-beicTOB. MaTepHaii, ROTopbmm nox~b3BaxHCb flHcbmeHHbie H YCTHUie

nepeBO~gtHKH, 6biai foaHTH'lecxoro co~nep)KaHHH: ony6xZKoBaHHbie npOTO-

1coxb 3ace.IaHzfl COBeTa Be3onaCHOCTH O61BeAHHeHHbix IHaruz. BO BpemJ[

K8aKAoro OnflbTa mm OTmG4qaizH pOZ3BOAX~TeJ~bHOCTH JIHHrBHCTOB C TOqKH

3peHHR TOqHOCTH H CICOPOCTH, Bbmpa.xeHHoMi 'HCAOM CAOB B MHHYTY.

ToqHOCTB OgaHHBaJiaCb Cy~gbeg.-3KCnepTOM, KOTopbigl noJxB3OBajicfi KpH-

TepHJImH rocy.IapCTBeHHoro AenapTameHTat tIpHmeHReMbw IIpH oT6ope

rnpo4)ecCoxHaJflbHbIX JIHHrBHCTOB.

Pe3'YabTaTbl. Mw! z3ytmHJI At.a OCHOBHBIX AHHrBHCTHtmecKHx

meTO.Ia H HeCI(Oxbxo HX BapHaHTOB. flepBble OfblbTbi 6bixbi CBR3aHbi c

o6igenpHHRToIM meTOAnHKOA floJHoro flepeBo,1Ja. BwxJH Hcnox~b3OBaHbi

rpynnbi nepeBOAzRtHKOB, oAIHH c cppaHIIy3CKoro Ha allrAIH~4cHH, a A1pyrHe

c allrAHI~Cxoro Ha (ppaHLWy3CKKA. OAKH OfLbIT 6bia floCBJ~meH 143mepeHH!O

noJIHoro nHebmeHHoro rnepeBo,!a, flpOH3BoJ~Hmoro O~jbli4HbIM nIyTeM.

Pe3yAbTaTbl nOKa3axH, RT0 AX rIoJHoro nepeBo.1a Tpe6oBax~ocb
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ropa3.1O 6oaubme BpemeHH, tieM ~AxR camoro 3acez~aHmg 06%eA1HHeHHbIX

Harud4. A H-meHHo, Ha 3aceIaHmx 06-benAHeHHbix HaitHi AARu UpOH3He-

cemx~a petqeg Tpe6OBaAicR. fPHGJIH3MTexbHO 0.gHH qaC BpemeHH, Todir~a

KaK Hamml rpyrnnm nepeBoAglH~oB pacxoAgOBammI 37,6 qac0B Ha noSHA~b

nmcbmeHHb!1R (ppaHLy3CKHi1 HJI allrxHfcKHRI nepeBOA 3THX cambIx pemeIg.

IRoJHaR CIK0POCTb nepeBo.1a C0CTaBXIHJI B cpeAHem 5,4 CAOB B MHHYTY.

TomHoCTB floJHoro nepe~o~a 6blixa (q)aITHtecK(H 6eaynpeqHoII: B cpC1AHem

oHa A1OCTmr'aza 97 o/o, a cpeAH cemH Hs3 KaX1IAX BOCbMH OT~bIBK0B o~a

xomle~a~aab B npe~eaiax me*IAy 96 o/o x 100 o/o.

BO Bpemq .gpyroro Oflb1Ta Mbl fl0CTaBMHJ1 nepeAg rpynnamH rlepe-

BOAtIHKOB XHHI'BICTHqecKHe 3a4JaqH B o6pa'rHOM nopH~,t.e, Tor~ga KSI(

HopmaxbiH0 y allrJ10-cpaHgy3CKHX flepeB0.1qHuK0B P0.1IHbIM JFI3bI14M qBJI~IeTCR

qppaH1~y3CXHiI, a rpyrrna nepeBoD~quKoB C (ppaH1gy3CKor0 Ha aHrAHI~cKmfl,

a rpynna flepeB0~qHKoB c pbpaHLgyacKoro Ha allrzHtlcxHi R3bI( flpHBb1KJIa

pa6oTa~b TOJ~bKO B 3TOM HanpaBxeHHH. Kor~a rpynriam np~maiocb

pa6OTMTb B Heo6bltiHbIX YCXOBHHX, HX T0O4H0CTB HeCK0AbK0 nOHll3Hxacb,

oco6eHHO y Tex, K0T0pbie B OCHOBHOm I'OBOpHMlH no-aHrxmg~cI(H.

i ~/T.K. o6paaerg nepeBe~geHlibIX 0T~b1BK0B 6bIJI Maji, B DT0M OnbITe He GbI~u4

fl0AC9HTaHbI CK0P0CT14 repeBoAgoB; 0,1JHaK0, MO)KHO cIxa3aTb, W.!O YCJI0Bme

"to6paTHOii XHHrBHCTmqec~c0M 3aAaqm" 14mex0 TeH~eH1UHI 3ame.1AXMTB

pa6oTY nepeBoAqHKlOB./

BNIJ TaKOI( I1P013BeAeH oKoH~aTeJxbHblm', HO 10P0TK144i OfibIT,

KacaBuIHHCRJ TexHHqecKHx meT0,I1OB lIoJHoro IHcbmeHHoI'0 fepeBo,1a.

Mb! flopyqHJH rpyrinam nepe~eCTiH o6paTHO Ha flepB0HatqaAbHbIlg R3bIIC

o6pasglu~ yice nepeBeJJeHHbIX OTpbIBKOB. rpyflnbi pa6oTaax B

HanlpaBJIHH14 1mmH fpe,1nf~qHTaeMbIX JU3bIKOB. To'UioCTB 6biJza 0oqeHb,

11-3



BFICOKOHN: oia 1AOcTxraJza,94 100 o/0.- T4mca OJIOB B MH~yTy H eIBA 61ioAH xx fldlHaHbI,'HO o~paTHbIg ITGpeBOA iHa q~pqHLXy3CXMRI R3bIK nOTpeGo-

B~a meHbII1 BpemeHH, !.lem nepB0HatiaJbHbiR tIepeBOA1. Ha aHrxxftiuOKif;

aH0YoorH'lHbIR o6paTHbIli fepeBO.A Ha allrzxcHA4E~ 6bix me~nqeHHee, g~em

nepeBoAg c allraIHIcKorO Ha tppaHgy3CKHR4.

6WJiHeAOInYCTHmO meAJeH, mbipa3pa6OTaJIH.H0Bblf TexH'HqecKHR meT:g.

cPeAdTBOM CBRjI3H. MH Ha3BJiiH OT0T meT0A "3pXTexbHbIM niepeBOAOM"

cooMeHuer~e H ogH'OBpemeHHO AHICTYMIgHm ero AepeBoA1 riepenHCqHKY Ha

nHmymletg mamHHKe. Bbizo npoH3Be.IJeHO TPH OnbiTa CO 3pHTeJIbHbIM

ruepeBo~goM, nO.Xo6HbIX TeM, I(OTOpbie npHmeHRJIHCb flpH IIOJHOM IIHCbmeH-

-HOM nepeBO.!e. B xatieCT~e o6%eKTOB MbI nOMJB3OBaxHCb YCTHBIMM

nepeBO~4HxamH-npo~eccHoHaJxami4, a He iiHcbmeHHbIMH, rIOTOMY tITO O3TOT

meTO.ZA.OCHO.BaH Ha CHoP:OCTH.H 6bic~rpom 3arIOMHHaHHH. IPTKJb

CoBeTa Be3orlaCHOCTI 06'%eAHHeHHbix Haui;Hf 6blixi nepeAaHMI, icai Ha

,cppaH1.Ay3CKOM, TaIC H Ha allrjIixcKom 9:3bixe c flomoiqbIO Teea~~r

060pyA1OBaHHR CO C1COPOCT~IO 60 CAOB B MXH~yTy.

4 ll~epBbII OMlIT CO 3PHTeAbHUM nepeBOAgOM noKa~aJI, tITO OH

ropa3,go c~opee, gem flOXHbIft nxcbmMeHbIl fepeBOAfl. JJxjU nepeBO.1Ia

OAHOtqaCOBorb 3ace~aHHR 06'beAHHeHHbix Haguit nIOTpeGOBajiOob 9,7 tqacoB

/21 CJIOBO B MHHYTY/'. ToqHO.CTB 6biza otleHb BbICOMO1R; B cpeAHem OHa

AOCT~iraiia 94 0/0, a Y .gBYX Tpe~eR o6umero tIHCJI OTýBIBKOB O~ia

Kojie~aJIacb mexc.Iy 96 0/0 H 100 0/0.
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BO BpeMA AipyroroOHoWbTa mm! nocTaBHXH InepeA 3PHTexbHBIMH

flepeBo.1qH~amH o6paTHYIO XHHrBHCTHqeCKY10 3a~gaty. YtiaCTBOBaBmmIe

neeOgK cxa~aJiH aapaHee, RTO Y Hmx 6y~eT naoxaJI fpOHaBOAN1-

TeJzbHOCTB, XOT0paR Bbipa3HTCH B meHbmfeig CROPOCTM M GOAbImeM qHcxe

omx~ox. Taic OHO H CZYqHXOCb: cpeAHRRJ T0O1HOCTb amepHxaHcxoro

neeoRm 6bixa aHIImb 84 o/o, a y POAgH~merocH BC ýDpaH1UHH 92 0/0.

OAHaxo, CIC0P0CTB pa6oTbI flcHmH3HiiCb TOJ~bKO y OzAHoro rnepeBoAtmm~;

,Apyrog, POAHBMIHHICJ BO cPpaH1gHH, flepeB0.1HJ Ha alramAHcKHiI R3bIK

CTOJ~b xKe 6blCTPO, Kx( H Ha. cppaH1gy3CKHR.

)HanocxAeoK Mb! flp0Bexx eume OAHH KOPOTKHM fipzeT

fl0Ab3yRCb 3PHTexbHbim flepCe0.LIM ,IAxR o6paTHoro nepeBo,11a ma~ep~azia

Ha ero nepB0HatqaJbHblft 93b~lK. TOt1HOCTb 6wiza CTO~b xce BbIC0R0O,

Kax H B flCpBom QInITe c niepeBOAoM OTor0 THnia. XOTJR OMbiJIi 6(aix

nOIiAHCTb!O coxpaHeHt 0,AHaH0, He BCe o6paTHO nepeBe~neHHbie C.A0Ba 6blJIH4

Bblpa)KeHbI HmgeHTHqHO c HX riepBOHaqajibHOII ýOpMOAI. CpeAH~ IIHTepeCHbIX

allrAHgcxHx nIpHmep0B M0)KHO YlOMlIHYTB, Z'T0 "lyz~acib~if" CTJii

d~~ "B0HH~IjMM", "TpJqCyUtHAClqa" cnejiajicR "KFoJe6AnoEItHmcJI", a "Ijo3BOAHTb

I ,1I.HC±CYCCHlO" o6paTHAOCb B "paapemHTb ,fle6aTbl". OTHOC1HTeJxbHO CKOP0CTh

o6paTHoro 3PHTexbH0ro riepe~o~a y HaC HeT A!aHHbIX.

1H-rHbITaHHe CPe~gCTB TeJ!eCB.93H4

[IpeAnoebTiuKH. Mbl IIP0BeJH pRA K0HcpepeHLU4M IpH yqaCTMH

rpynn m13 tqeTblpex H 115TH qeJIOBelC, !(0T0pbie HaxoAIHJIHCb B.DaJiH Apyr

OT Aipyra H AOX*)Hbi 6LiaH C00GUqaTBCJ1 me,,gy C060ii C fl0M0119b!O

I ~TexeTa'Ifla, Teiiet)0Ha H B OA1H0M TOJ~bKO cxiytae TemeBH3HH.
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3a xcxxmqoteHmem OnbITa C TeJxeBH3Heý, nCPGX~ COBe~gaHHJImm 6biza nOcTaB-

.ne~a saAalqa BeCTH niepel'OBOpbl. YT4aCTHHXH 1IPOBOAHJIH Hrpy, BO BpeI.4

XOTOpoft OHH Aoxxm~i 6biAH paciapeI~eAHTb peccypcbi cpeAgH rpynrlbi,

o6'be~mHeHHofl o6mieilixIexbjo, xax Haiipmmep COIO3OM, HO xKa1o.my o6-beKTY

6b1.nH AgaHbi pa3xHqHbie cexpeT~bie HHCTPYK1gHH. 1{a),gaR I(owpepeHtgiR

npOBO.1IHJaCb B paxa HeKOTOPOR 6eSOTxaI'aTeJIIHOCTLI, T.e. TpeGo-

B~aoeb Y.AOBJeTBOPHTb rpyrno~iiOB gexJb B B03MO)KHO xpaTqailmHAl OpoK.

CpeAgH qebPaqT TejiexoHqpepeHLuHri, KOTopbie Mbl IlpOBexAH,

He 6bixo HM OAHORi HAeHTHqHOR C TOqKH 3peHHJI ..q3bixa, CTPYKTypbI ceT1R

HxH o6RsaHHocTeII npe~gcegIaTeJIR. Ha HeKOTO~bIX IxoHtpepeHgHJRX 6bl'AM

ceTH IlC napTURHOkii JHHHeii* Him xKe OTKpbITbie: Kazioe coo6II~eH14e,

BbIcbiJxaemoe OT~geJbHbim y'qaCTH14KOM, IOXYqMAOCb BcemH OCT&aMbbIMRI

HelcoTopbie ceTH 6BWAH CHXBHO LgeHTpaJIH3HPOBaHbI, r~ie ytqaCTH4HK

COBeujaHHA MOr o6panqaTBCR He HO BCem OCTaJsbHbIM, a TOXB:,-O K OAgHOMY

HAI4 ABYM 1-i3 H;!x. Ha HeXOTO~bIX 3ace,DgaHwqx 6bia.xiH npertCeAa~reAH,

HO He BO Boex cnytqaRx. Mibi npoBexH HeCKO~b1CO TexexoHcq)epeHguil c

rpynnro1g, B XOTOpOII OAlHH qexOBeI( rOBOPHAJ TOJXBRO flo-cPpaHLgy3cKH,

Tax qT0 InpHIIIOCB flOJb3OBaTBCRI nepeBOAqHKOm. C gex3bIO TpeHHPOBKH

mb! HmeJIH Tamo~e HecxoJxbXo XOHcpepeHg II, ma ICOTOPbIX Bee yqaCTHH1KH

IIpHCYTCTBOB~aH Ji14Lom x anIy.

Pe3y~nbTaTbl. YqaCTHHKH KO~epmH npe~lnotiTaAH ,gorOBapHl-

BaTbCR C nOM014b1O HaH6oxee 6e3X~tlHbIX cpeAgCTB CBR3SH. TexeTagn 6wii

HmAofteHmbim cnoco6om BeIeHxR neperoBopoB, a Haxme~ee nOnYJIJpHb!MH

GbIAH COBeqlaHHJA JI140M i: J1igy. TezeBHSMJI 14 Teiie(POH 6bIAH ripH3HaHbI

flpomC*YTOq.HB1MH meucy 3THMH xCpaA4HOCT.RMH. YT.!aCTHHiKH KOH~pepeiiiiiI~
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rOBOpHAI4, RTO OHH HmeIOT BO3MO)KHOCTb rHPORBJXqTB ropa3go 6oxbmryio

HecroBopqNBocTB, flOJb3yRlCb TexeTSIUom, qem 11pM Boex MHbIX meTo~gax.

.lAiA Be~neHMH neperOBOPOB Ha TeieKOHcpepeHgH.RX TeaeTaghI

11peAgOOTaBAJIX3 oneeie~i H eAgHHCTBeHHbie B CBoem po~ie flpemmy-

!gecTBa. Bo-nepBBlX, 6BIXo Becbma IIoAe3HO mmeTb lletWTHYIO 3Sa1Meb

Bcex cooftieHMM. Bo-BTOPbIX, Heo6xOAgMMOCTb COCT8.BXRTb coo6IIgeHHa

xRJu nepe~atiH no TexeTa~lny Haxaraxa Ha yt4SCTHHKOB KOHcpepeHIAMiI

* M~~~3BeCTHYIO AHCgHHflAHY, tiTO He BcerUa OTHOCHTCjR K 11pnmoi pa3l'o-

BOpH0Oi CBJ13H, /O.XiHSCo, HeCMOTPJI Ha dozee c)KaTb1ft J~bIK, O6bltiHO

npHmeHRembIgI Ha TexeTa~nBI~bX KOHcpepeHLgHRX, Ha 3THX COBellqaHMJRX

corzaineHHII ,gOCT~raJI~b ropa3A1o me~gJeHHee, ReM Ha sace~gaHHRX

xHUgom x xHLy iHJI no0 reJxecOHY/. B-TpeTBHX, Ha HeKoTOpbIX Tene-

Ta~IfHBIX ceTJAX cyi1eCTBoBaJxa HaCTo~ujaJ1 BO3MO)KHOCTb ABYXCTOPOHHeIý

H OAgHOBpemeHHoiR nepeAaRM /Hanp~mep, A mor rIocbIjxaTb coo6nqeHHe no

a~pecy B B TO camoe BpemR, Kor~ga 13 BblebiJISJ CBoe H3Beme~HHe n1o

a~pecy A/. 3Ta BO3MOYXHOCTb Hmexa flpe~mymIeCTBa no0 cpaBHeHHIO C

AIpyrimM cnoco6amii, HO OHS Tamoe Co3Aaxajiaa 3amema-AY.j CTBO, HapymaR

HopmaAbHy1O uocJxeAoBaTe~bHocTb neperOBOPOB. B-tieTBepTblX, B c~ytiae

uea'vparmnopoBaHHofl TeJxeTaighHoI ceTH 11oJy'4aalacb xapTHHa, yKB.3bIBaB-

maR ira rpOM84AHyio noTeHLgMaJbHYIo BX-q.CTB ee flpe,1ceIaTeniR. OH imMeA

a6COluoTHbIAl KOI.T~pOJb HaA Tem, KTO c KeM HaxoAHACJ1 B TexeCBJI3U, H

Ha CBoeII CTaH7-MH Mor pe.1aKTHpoBaTb 11poxoAH~Bm~e cooGweHHJI, MX

3a~epKHBPATB HAM H~ XemHRTb ot~epeAHOCTB,. B-nRJTbIX, TS( Ra.K TeseTa*11

He HmeeT DiexaHW3ma o6paTHOil CBJI3H AAR IIpoBepKm Toro, t4TO a~ipeca'r

AeACTBHTeJabHO lOJIYRMM HXM flOHRX 11ocxaHHoe emy cooomleH~e, TO
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,AxA JAOCTHxIeHxiR DToro nIPHXOAHTcJI IIpmHMHTB ,gOnOxHHTexbHyJO

npoLgeAYPY. IlpH nepero~opax c flomollbIo roxoCOBOfl CBJISH nOATBep)K-

.geHXR flepe~lalOTCA BBiqe H0POTICHX OTBeTOB; tipH 3ace.IaHHJRX XAHOM

xc xHIy HmeIOTCA Taxx~e 6eccxoBecHble nOA1TBep~xgeHHA BBH.Ie mHMHHHx

HJIH 3KeCTOB. B-meCTBIIX, HCicyCHbli4 nepeBOIqHX 6BIX B COCTOJIHHK

AIBYXCTOp0HHe 3PHTexbHo tIepeBOAHTTB TexeTaftnHbie c~oofteHHJR

/c alrH~xr na cpa~yCH H Hao6OpoT/, 1RTO HcnpaBAiIAO

HeBbirOAgHoe noxo~fehHe He rOBopH~mero IIo-aHrJ1HgCxH ytmaOrHHma

KHo~pepeHtgHH HO cpaBHeHHIO c .gpyrHmH, BeAHmmm neperOBOpbi Ha aHlrxHgc-

mom A3Bixe. HaxoHeg, HaAgO OTmeTHTB, 'ITO Ha TxK~ppHHX

O6OPYAOBaHHBIX xaic TeJxeTa1~nHoft, Tax H Texecp0HHOIM CBR3blO, yt1aCTHHKH

peAKijO nOJXBSOBaJIHcb nocaAeHeiI.

Ham KO OTKHH OtiBIT c npHmeHeHmeM TeJIeBH3HH Ha KO~eeHXR

He o6Hapy*cHI HHItaxHX oco6bix 1IpeHmymeICTB B TOM, qT0 AHg~a BeAyiIgHe

neperoBopbi H HaoR~c B.1ajiexe, MOryT BH)~eTb .gpyr Anpyra.

Hao6opoT, no MHeHHIO ytmaCTHHHOB 3THX 3ace.1aHHAi HX co6CTBeHHaR

mHMHxa H ,gpyrHe 6eccxoBeCHble flpoxBxeHHR TOXBKO CIIOCO6CTBOBaJIH

3a~iep,~xe pa6oTbI COBe1igaHHJH, OTBxexaR BHxmaHHe CMOTpRlIIRX.

Y'~aCTHHKH KOHtpepeHEgHH Taxoie He oVIo6pHJIH TezeBH3HOHHoe o6opyIo-

BaHxe, B KOTOPOM OHH morJIH BHAeTb He TO~bKO Tex AHIg, C XOTO~bIMH

OHH BeXH co6ece.,oBaIIHe, HO H camHx ce6R.

3aynionolHge

B ieqeHHe 6JIHYIAPilero pAAa JIeT 6YAyT AOCTHrHYTbI 6oxbDIHe

TeXHHqeCKHe ycnexH, KOTopbie 1IpeAOCTaBRT BO3MO*IHOCTb rpynnaM BAaJIH
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HaxoAHlljHxcJR iiiQ~ge COBeqa~TbCRI ,pyr' F ipyrom. tIT06~bI cAxaSTb TaKme

TexexoHq~epeHTAHH 3q4eKTHBHBIMH, npH~eTCAl y3.HaTb MHoroe, icacaiouteecR

Toro, Kaic HCro~b3oBaTh 3TH TexHHueckme BOSMO)fCfOCTH C HaH6oxbmeIg

flOAB304 ,1AXR qeAoBe'qecTBa. Mw! uPe1 JCTaBHJIK pe~iome 0 noczAeIHHx

nipeI1BapHTeXBHbWX onbITaX, OTHOCJII!HXCJI X ,gBYM m~a0 H3y'4eHHbim

I~cpaICTopaM B CBR3H C COBeiIgaHHmaH Ha paCCT0RHHH, a HmeHHo: xK

xHHrBKCTHqecxog cxy)K6e H cpeACTBam CBR3K. ToAiBKo-T ojxoyqeHHbwe

3xnpmH~~~i peSYJABTaTbl, K0TopbIe 3Aecb 6bMAH ynOMRHyTbI,

mC)ryT CXYXHTB nyTeBOAHbWMH BexSmH AxJR JIH1g K0T0ObIM B 6xH)Kaftmuem

6y.1ynqem npH~geTCqi paapa6aTblBaTb upouge~ypw TexexoHp~epeHgR~.

Kpome Toro, Mb! ,gymaem, t[TO Ham YAaJ10CB HarjRA~H0 fl0ATBep.IHTB

ocynte~CTBHMOCTB oInbITOB, nOCBHIqeHHbIX IIepemeHHbIM iBeJgH'HHaM TeJxeCO-

Ben~aHHH. Nb! Ha~geemcJ, qT0 AipyrHe 3aHeeOa ~i ymqHbie-

6HxeBHOPHCTbI 3aflMYTCY{ OTHMH H CB93aHHbIMH C HHMH np0oJmemamH.,

BnoXHe B03I40XKHO, qTO B 0,DHH InpexpacHbwiI AneHb Taxoe co6paHze, xaic

ceroAgHJMHHiA Mew.yHapoAnHb~ig KOHrpecc,,6y~eT flp0BOAHTbCR BBHýe

TeJaeK0HqpepeHIAHH H xamIbig H3 Hac 6y~geT cHAeTb 3a CBoHm I1HcbmeHHb!M

K ~CTOJIOM B CBoeft co6CTBeHHoR CTpaHe.
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